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FIELD OF THE INVENTION 
The present invention describes a coionaiy aiteiy disease susceptibility gene and its use in the 
diagnosis and therapy of CAD. 

s 

BACKGROUND 

Coronary artery disease (CAD) is the niost common type of heart disease. It is a consequence 
of atherosclerosis, which is a progressive inflammatoiy tissue response resulting fiom 
deposition of modified lipoprotems in the arterial intima of the vascnkr walL Hus process can 
10 lead to development of complex adierosclerotic lesions or plaques at pre-existing focal arterial 
intima cushions rich in extraceUular matrix (Olass et al, CeU 104, 503-516, 2001). Overtime 
these lesions narrow the coronaiy arteries, restricting blood flow to the heart and can cause 
angina. Conqplete blockage can lead to niyocardial m&rction. 

The known risk factors for CAD include type II diabetes, insulin resistance, obesity (Rao et 
u a/, Am.HeartJ. 142, 1102-1 107, 2001). hyperlipidemia. high blood pressure, cigarette 

smoking and physical inactivity. CAD is also known to have a significant genetic component 

There are no drugs currently available to prevent CAD. Efforts have been focussed at 
measures to slow down CAD, and different drugs and surgical techniques are available to 
repair clogged coronary arteries. However, there is a need for a better understanding of the 
20 pathophysiology of CAD and the development of specific and effective drugs. 

To develop more effective drugs, it is critical that the susceptibiUty genes for CAD are 
identified. As mentioned above, the pathogenesis of CAD has been shown by twin and other 
studies to include a significant genetic component, and the effects of genes on susceptibiUty to 
CAD are likely to be particulariy strong at younger ages (Marenberg et al, New England J 
25 Med 330, 1041-1046. 1994). However, CAD is unlikely to be inherited as a simple 
MendeUan trait, but is instead a complex multifactorial disorder in which the phenotype is 
heavily mfluenced by environmental as weU as genetic fectors. Although a number of loci 
have been identified fi)r risk factors related to CAD, only a limited number of genome 



scanning studies have ben jniblished showing Itnkago to CAD. For exanpl^ CAD has been 
linked to chromosome 2 and X (Pajukanta et at. Am. J. Hum. GeaeL 67, 1481-1493, 2000), 
chromosome 16 (Francke et al.. Human Molec. Genet 10, 2751-2763, 2001) and 
chromosome 14 (Broeckel et at.. Nature Genetics 30, 210, 2002). 

SUMMARY OF THE INVENTION 
The present faivention describes tiie identificati<m of a CAD suscqitibiHty gene, abasic helix- 
loop-helix transcription &ctor 2 (BHLHB2). The identification of BHLHB2 as a CAD 
susceptibility gene enables the development of novel tiieraptes for CAD by screening fbr 
conqpounds and other entities, sudi as antibodies, whidi modulate the activity of BHLHB2. 
Knowledfi^ of die BHLHB2 gene sequence also enables die development of novel antigene 
mediods to modulate the «q>re8sion of die associated gene and may also enable the 
development of novel gene therapy tedmiques to treat CAD. The discoveiy of die Imkage 
between BHLHB2 and CAD may also assist in developing novel methods fiw diagnosing 
CAD via (i) measuring die levels of die translated mRNA of BHLHB2 present in affected 
tissue and (ii) measuring die levels of die BHLHB2 piotein in affected tissue. It is possible 
fliat the diagnosis of CAD, or die susceptibility of an individual to CAD, by fliese mediods 
may be achieved in patients who do not yet display die classical symptoms of the disease. 
Such determination of susceptibility to CAD, or die early detection of disease development, 
will lead to earlier clinical intervention dian is currenUy possible and will lead to more 
effective treatment of the disease. 

Specifically, the invention includes a method of identifying a test conqwund diat modulates 
die expression of a BHLHB2 goie, includes contacting a cell capable of exi»essing a 
BHLHB2 gene widi a test con^und; and determining die level of ejqnession of die 
BHLHB2 gene in die presence of the test compound, wherein a deoease or an increase in 
BHLHB2 gene expression, as compared to die level of oqiression of BHLHB2 in the absence 
of die conqpound, is mdicative diat die test conqiound modulates BHLHB2 gene expression. 



Also within the invention is a mefliod of identifying a test compound that modulates the 
activity of a protein encoded by the BHLHB2 gene, including contacting tfie protein with a 
test compound and detennining the level of activity of ttie BHLHB2 protein in the prosence of 
the compound, wherein a demase or an inciease in die protein activity, as comparod to the 
level of activity of tiie BHLHB2 protein in the absence of the compound, is indicative ttiat die 
test compound modulates BHLHB2 protein activity. 

The invention fiirther includes a method for determining if a BHLBH2 gene has an altered 
level of gene expression in a CAD celL The method includes comparing the level of 
BHLBH2 gene expression in a cell fiom a patient having CAD with a control cell (a cell from 
a patient not having CAD), and detennining the level of expression of the BHLBH2 gene in 
both cells, wherein a decrease or an increase in expression of the BHLBH2 gene, as compared 
to the level of expression of the BHLBH2 gene in the control cell, indicates that the BHLBH2 
has altered gene expression. 

Also within the invention is a method for determining the level of a BHLBH2 protein in a 
CAD patient compared to a control including comparing the protein level of BHLBH2 in a 
cell from a patient having CAD with a control cell (a cell from a patient not having CAD), 
and determining the level of the BHLBH2 protein in both cells. 

In another aspect, the invention includes a melhod of identifying a binding partner of the 
BHLHB2 protein including contacting a BHLHB2 protein with a test target protein, and 
detemoining if the test target protem can intm:act vniik the BHLHB2 protein, wherein 
interaction of the test target protein with BHLBH2 indicates that the test target protein is a 
BHLBH2 binding partner. In one embodiment, the method can further include contacting a 
gene encoding the test target protein with a test compound; and determining the level of 
expression of the test target gene in die presence of the test compound, wherein a decrease or 
an increase in test target gene expression, as compared to the level of expression of the test 
target gene in the absence of the compound, is indicative that tiie test compound modulates 
expression of the test target gene and is useful in the treatment of CAD. In another 



embodiment, the method ftirther includes 

compound; and determining the level of activity of the test taiget protein in the presence of 
the test compound, wherein a decrease or an increase in test target protein activity, as 
compared to the level of acti^ty of the test target protein in flie absence of the compound, is 
s indicative dmt the test coinpound modulates test target protein activity 

treatment of CAD. 

The invention further features a method of treating a subject having CAD comprising ' 
administering an effective amount of the compound identified above. The invention furdier 
10 includes a phannaceutical composition comprisirig die conipoundidentifi^ 

In another aspect, the invention mchides a method of identifying other conqKments of the 
CAD biochemical pathway of which BHLHB2 is a component 

15 The invention further includes methods of diagnosing CAD or a susceptibility hereto in a 
subject. The method includes determining the level of a BHLHB2 protein in a sainplefix)m a 
subject; and comparing the level of the protein in the sample with a control, wherein a 
decrease or an increase in the level of the protein in the sample compared to the control 
indicates that tiie subject has CAD, or a susceptibility thereto. The invention also extends to 

20 products useful for carrying out the assay, such as DNA probes (labelled or unlabelled), kits 
and the like. 

The prescsit invention also includes gene-based tiierapies directed at the BHLHB2 gene. 
Therapies may be in the form of polynucleotides comprising all or a portion of the BHLHB2 
25 gme, placed in appropriate vectors or delivered to target cells in direct ways which would 
modify the function of die BHLHB2 protein. 

As used herein, a '^CAD susceptibility gene** refers to a gene that has a predisposing influence 
on the development of CAD in a subject 

30 



As used hereiii, "coronafy artery disease** (CAD) refers to disorders and conditions retated to 
the depontion of aflieroina in the la^ and medimn-sized arteries serving the heart 
Coronary artery disease means clinical syndromes (including, but not limited to, angina, 
myocardial infiuction, unstable angina, and sudden ischemic death) which are based on the 
s pathology of coronaiy artery atheruna. 

As used herein *^HLHB2 protein" refers to the BHLHB2 protein, peptide fiagments thereof 
mutants, variants, tnmcated forms of BHLHB2, and fiision proteins of BHLHB2. 

* 

10 BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a line gnq^h showing the KAC LCD-score of chromosome 3. 

DETAILED DESCRIPTION OF THE INVENTION 

The present invention describes a CAD susceptibiUty g^e» BHLHB2. BHLHB2, also known 
IS as DECl , is a basic helix-loop-helix transcription fitctor and has been tn^licated in control of 
chondrocyte (Shen-M et al. BBRC, 236;294-289, 1997), neuronal (Bondjclal, Genes and Dev 
1 1;20S2-206S, 1997) and preadipocyte differentiation (Inuzuka-H et aL BBRC 265:664-668, 
1999). 

The present finding shows that BHLHB2, wluch is mapped to chromosome ro^on 3p, shows 
20 linkage with DNA markers in CAD affected mdividuals. The BHLHB2 gene and amino acid 
sequences are known for many different species, e.g., the human BHLHB2 nucleic and amino 
acid sequences are available on genbank 0it4>://www.ncbi Jilnuuh.gov/)» under accession 
number AB04388S (formerly XM 00S086), and ±e mouse BHLHB2 is available on genbank 
under accession number NM 01 1498. 

25 

Knowledge of the BHLHB2 sequence enables the development of novel antigene methods to 
modulate &e expression of BHLHB2 and also enables the development of novel gene dierapy 
techniques to treat CAD. 
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Tbe sequence of human BHLHB2 pxotem^ as disclosed in NM003670 and AB04388S, is 
depicted in SEQ ID NO: 18,t]ied>NAsequmceinSEQIDN0: 19 and the gnomic 
sequence In SEQ ID NO:20. 

5 Functional Assay 

To further evaluate the role of BHLHB2 in CAD, various functional assays can be performed. 
For example techniques such as Northern analysis, in situ hybridization or expression 
profiling on cDNA microarrays can be used to fiirther verify the association of BHLHB2 with 
CAD. In one example, a reporter-based assay may be devised to detect whether the BHLHB2 
10 gene has a different transcription level and/or message stability compared to the same gene in 
a person not susceptibile to CAD. Individuals who cany the BHLHB2 gene may exhibit 
differences in their ability to regulate protein biosynthesis under differait physiological 
conditions and may display altered physiological abilities. 

IS In another example, the level ofBHLHB2 gene expression can be assayed by dete^ 
measuring BHLHB2 transcription. For example, RNA fiom a cell type or tissue known, or 
suspected of having CAD, can be isolated and tested utilizing hybridization or PCR 
techniques such as those described above. The isolated cells can be obtained fiom cell culture 
or fiom a patient The analysis of cells taken from culture may be a necessary step in die 

20 assessment of cells to be used as part of a cell-based gene therapy technique or, alternatively, 

to test the efifect of compoimds on fhe expression of BHLHB2. Such analyses can reveal both 

quantitative and qualitative aspects of the e?q;>ression pattern of die BHLHB2 gene, including 

: activation or inactivation of BHLHB2 gene expression, 

ft 

# 

• ft 

• ft ft 

'I'^l 25 In one embodiment of such a detection scheme, cDNAs are synthesized fiom the RNAs of 
ft ft ft 

ftlft! : interest (e.g., by reverse transcription of the KNA molecule into cDNA). A sequence within 

. ^ the cDN A is then used as the template for a nucleic acid amplification reaction, such as a PCR 

ft ft •> 
ft ft 

^ - " ^ amplification ruction, or the like. For detection of the amplified product, the nucleic acid 
f * ' ft amplification may be performed usmg radioactively or non-radioactively labeled nucleotides, 

r ' : 30 Altematively, enough anq)lified product can be made such that the product can be visualized 



by standard ethidium bioinide staining or by utilizing any other suitable nucleic acid staining 
method. 

Additionally, it is possible to perform BHLHB2 gene e3q;>ression assays in situ, i.e., directly 
s upon tissue sections (fixed and/or frozen) of patient tissue obtained!^ 
resections, such that no nucleic acid purification is necessary (See, e*g., Nuovo, O. J., PGR In 
Situ Hybridization: Protocols And Applications, Raven Press, NY, 1992). 

Alternatively, if a sufficient quantity of Ae appropriate cells can be obtained, standard 
10 Northern analysis can be performed to determine die level of mRNA expression of the 
BHLHB2 gene. 

Also within the invention is die determination of whether BHLHB2 gene has a gene mutation 
compared to the wild-type gene. Alternative methods for the detection of BHLHB2 gene 

15 mutations in patient samples or other appropriate cell sources, may involve their 

amplification, for example, by PGR (the experimental embodiment set forth in U.S. Pat. No. 
4, 683, 202), followed by the detection of the amplified molecules using techniques well 
known to those of skill in the art The resulting amplified sequences can be compared to those 
which would be expected if the nucleic acid being amplified contamed only nonnal copies of 

20 the BHLHB2 gene in Older to detemiine whether a BHIJHB2 gene omte^ 

Additionally, well-known genotyping techniques can be performed to idcntifyr individuals 
canymg BHLHB2 gene mutations. Such techniques include, for example, TaqMan 5' 
nuclease assay, allele specific PGR, primer extension, mass spectrometry and Pyrosequencmg 
25 (reviewed in Kwok, Pharmacogenomics 1 : 95-100, 2000) 

Pathway mapping 

Also within the mvention is fhe identification and elucidation of die CAD biochemicalVsignal 
transduction pathway of which BHLHB2 is a component. In particular, the invention includes 
30 identifying the other components oftheBHLHB2 CAD biochemical pathway. In this way it 



is possible to identify the specific critical signaling pathway which links the disease stimulus 
to the cell's le^ome and enables the identification of new potential targets for tfierapy 
intervention. 

s Asusedherein»aBHLHB2*Hargetniolecale''isamolecdeintfaeCAD 
with which BHLHB2 binds or mteracts, direcfly or indirectly, with, or is a molecule that 
regulates the expiession of tfie CAD gene or translation of the protein. For exanple, Ae 
target molecule can be a protdn which directly interacts widi BHLHB2, or can be a protein 
which does not itself directly interact widi the BHLHB2, but v^ch is a con9<ment of the 

10 BHLHB2 CAD biochemical patfiway. In one exanq)le, die target molecule can be a cell 
membrane or a cytoplasmic molecule. In another example, the target molecule can be an 
intercellular protein or a protein which fieusilitates the association of downstream or upstream 
signaling molecules with the BHLHB2 protein. 

15 According to a fiudieraciiectofthe invention thoe is pn>vided the use of d^ 
protein in researdi to identify further gene targets unpUcatedmC^^ Methods fiir 
identifying proteins which interact widi BHLHB2 are known in the art, e.g., the two-hybrid 
assay (see, e.g.,U.S. Pat No. 5,283317; Zervosetal. CeU 72:223-232, 1993) or using ceU 
culture techniques to identify binding partners. 

20 

The two-hybrid system is based on die modular nature of most transcription factors, which 
consist of separable DNA-binding and activation domains. Briefly, the assay utilizes two 
different DNA constructs. In one construct, die gene that codes for a BHLHB2 protein is 
fused to a gene encoding the DNA binding domain of a known transcription &ctor (e.g., 

25 GAL-4). In the other oonstmct, a DNA sequence, firom a library of DNA sequences, 
encodes an unidentified protein Cprey" or "sanq)le'*) is fiised to a gene that codes for the 
activation domam of die known transcription &ctor. If die "bait" and the "prey*' proteins are 
able to mteract, in vivo, forming a BHLHB2-dependent complex, the DNA-binding and 
activation domains of the transcription factor are bn>ug[ht into close proximity. Hiis proximity 

30 allows transcription of a rq^orter gene (e.g., LacZ) which is opembly linked to a 

transcriptional regulatory site responsive to the transcription &ctor. Expression of die reports 
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gene can be detected and cell colonies containing die functional transcription fector can be 
isolated and used to obtain the cloned gene vAddh encodes fhe ^gef * protein ^ch interacts 
with the BHLHB2 protein. 

s Alternatively, binding partnm for BHLHB2 can be identified using ceUcult^ 
using cells obtained directly from a CAD patient The method includes isolating the 
BHLHB2 protein from the cell and determining ttie identity of its target molecule. Initial 
screening can be accomplished by Westem blot analysis to analyse immunochemically, e.g., 
using antibodies against the BHLBH2, the size of BHLBH2 -target molecule complex. 

10 Furdier analysis ofthe complex will reveal the identity oftiie target molecule. 

The gene and protein mcoded by the target molecule is also a potential target for dierapeutic 
intervention in CAD disease, for instance in tiie development of antisense nucldc acid 
targeted to the mRN A; or more widely in tiie identification or development of chemical or 
IS hormonal therapeutic agents. The person skilled in the art is also capable of devising 
screening assays to identify compounds (chemical or biological) that modulate (activate or 
inhibit) the identified gene, which compounds may prove useful as therapeutic agents in 
treating or preventing CAD. 

20 BHLHB2 Proteins and Polypeptides 

BHLHB2 proteins, peptide fiagments, mutated, and truncated forms of the BHLHB2, and/or 
BHLHB2 fiision proteins, can be prepared for a variety of uses, including but not limited to 

r 

: the generation of antibodies, as reagents in diagnostic assays, in fhe identification of otiier 

: ' - . : cellular gene products involved in the patiiogenesis of CAD, as reagents in assays fcft 
T/.; 25 screening for compounds that can be used in the treatment of CAD, and as pharniacw 
reagents useful in the treatment of CAD. 

• f 

9*4 

^ . . ^ A variety of host-expression vector systems may be utilized to express the BHUIB2 

• • • 

\ // nucleotide sequences of fhe invention. The e3q[>ression systems tiiat may be used for purposes 

* • 

30 of the invention include but are not limited to microorganisms such as bacteria (e.g., E. colt. 
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B. subiUls) transfonned with recombinant bacteriopha^ DNA, plasmid DN A or cosand DN A 
expression vectors containing BHLHB2 nucleotide sequences or mammalian cell ^sterns 
(e.g.t COS, CHO, BHK, 293, 3T3) harbouring recombinant expression constructs containing 
promoters derived fiom the genome of mammalian cells (e.g^ metallothionein promoter) or 
from mammalian viruses <e*g., the adenovirus late promoter; die vaccinia virus 7*5K 
promoter). 

In bacterial systems, a number of expression vectors may be advantageously selected 
depending upon the use intaided for the BHLHB2 gene product bemg expressed For 
example, when a large quantity of BHLHB2 is to be produced, for the generation of 
pharmaceutical compositions of BHLHB2 or for raising antibodies to the BHLHB2 protein, 
for example, vectors which direct the expression of high levels of fiision protein products that 
are readily purified may be desirable. Such vectors include, but are not limited to, the E. coli 
expression vector pUR278 (Ruther et al., EMBO J. 2:1791, 1983), in which the BHLHB2 
coding sequence may be ligated individually into die vector in frame with the lacZ coding 
region so that a fiision protein is produced; pIN vectors (Inouye Sc Inouye, Nucleic Acids Res. 
13:3101-3109, 1985; Van Heeke & Schuster, J. Biol. Chem. 264:5503-5509, 1989); and the 
like. PGEX vectors may also be used to express foreign polypeptides as fiision proteins with 
glutathione S-transferase (GST). In general, such fiision proteins are soluble and can easily be 
purified from lysed cells by adsorption to ghitathione-agarose beads followed by elutton in the 
presence of free glutathione. The PGEX vectors are designed to include thrombin or fiictcur Xa 
protease cleavage sites so tfiat the cloned target gene product can be released fipom fhe GST 
moiety. 

In mammalian host cells, a number of viral-based expression systems may be utilized. In 
cases where an adenovirus is used as an expression vector, the BHLHB2 nucleotide sequence 
of interest may be ligated to an adenovirus transcription/translation control complex, e.g., the 
late promoter and tripartite leader sequence. This chimeric gene may then be inserted in the 
adenovirus genome by in vitro or in vivo recombination. Insertion in a non-essential region of 
the viral genome (e.g., region El or E3) will result in a recombinant virus that is viable and 
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capable of expiessing the BHLHB2 in infected hosts. (E.g.» See Logan & Shenk. » Proc. NatL 
Acad. Sci. USA 81:3655-3659, 1984). 

For long-term, hig^yield production of recombinant proteins, stable expression is preferred. 

s For example, cell lines which stably express the BHLHB2sec|aencede^^ 

engineered. Rather than using expression vectors which contain viral origins of replication, 
host cells can be transformed witii DNA controlled by appropriate expression control 
elements (e.g., promoter, enhancer sequences, transcription tennhiators, polyadenylation sites, 
etc.), and a selectable marker. Following die introduction of die foreign DNA, en^neered 

i 0 cells may be allowed to grow for 1 -2 days in an enriched media, and then are switched to a 
selective media. The selectable marker in the recombinant plasmid confers resistance to ttie 
selection and allows ceUs to stably integrate the plasmid into fheir chromosomes and grow to 
form foci which in turn can be cloned and expanded into cell lines. This method may 
advantageously be used to engineer cell lines which express the BHLHB2. Such engineered 

IS cell lines may be particularly nseful in screening and evaluation of compounds diat affect the 
endogenous activity of the BHLHB2. 

Alternatively, any fusion protein may be readily purified by utilizing an antibody specific for 
the fiision protein being expressed. For exanq)le, a system described by Janknecht et al. 

20 allows for Ihe ready purification of non-denatured fusion proteins expressed in human ceU 
Unes (Janknecht, et aL, Proc. Natl. Acad. Sci. USA 88:8972-8976, 1991). In this system, the 
gene of interest is subcloned into a vaccinia recombination plasmid such diat the gene's open 
reading frame is translationally fused to an amino-terminal tag consisting of six histidine 
residues. Extracts from cells infected widi recombinant vaccinia virus are loaded onto Ni.2+. 

2s nitriloacetic acid-agarose columns and histidine-tagged proteins are selectively ehited widi 
imidazole-containing buffers. 

The BHLHB2 protem can also be expressed in transgenic animals. Animals of any species, 
including, but not limited to, mice, rats, rabbits, guinea pigs, pigs, micro-pigs, goats, and non- 
30 human primates, for example, baboons, monkeys, and chimpanzees may be used to generate 
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BHLHB2 transgenic animals. 

Any technique known in the art may be used to introduce the BHLHB2 transgene into animals 
to produce iht fonnder lines of transgenic animals. Such teduuques include, but are not 

5 limited to pronuclear micromjection (U.S. Pat No. 4,873,191); retrovirus mediated gene 
transfer into germ lines (Van der Putten et al.. Proc. Natl. Acad. Sci. USA 82:6148-6152, 
1985); gene targetmg hi embryonic stem cells CThompson et al.. Cell 56:313-321, 1989); 
electroporation of embryos (Lo, MoL CelL Biol. 3:1803-1814, 1983); and sperm-mediated 
gene transfer (Lavitrano et al.. Cell 57:717-723. 1989); cte. For a review of such techniques, 

10 see Gordon, Transgenic Animals, IntL Rev. Cytot 1 15:171-229, 1989, which is incorporated 
by reference herein in its entirety. 

The present invention provides for transgenic animals that carry the BULHB2 transgene in all 
their celb, as well as animals which carry the transgene in some, but not all their cells, i.e., 

15 mosaic animals. The transgene may be integrated as a single transgene or in concatamers, e.g., 
head-to-head tandmis or head-to-tail tandems. The transgene may also be selectively 
introduced into and activated in a particular cell type by following, for example, the teaching 
of Lasko et aL (Lasko, M. et al., Proc. Natl. Acad Sci. USA 89:6232-6236, 1992). Once 
transgenic animals have been g^erated, the e:qiression of the recombinant BHLHB2 gene 

20 may be assayed utilizing standard techniques. Initial screening may be accomplished by 
Southern blot analysis or PCR techniques to analyze animal tissues to assay vdiether 
intention of the transgene has taken place. The level of mRNA expression of the transgene 
in the tissues of the transgenic anunals may also be assessed using techniques which include 
but are not limited to Northern blot analysis of tissue samples obtained ftom tfie animal, in 

25 situ hybridizatioii analysis, and RT-PCIL Samples of BHIJro2gene-expre^ 

also be evaluated immunocytochemically using antibo^es specific for the BHLHB2 
transgene product 



Antibodies to BHLHB2 Proteins 
30 Antibodies that specifically recognize one or more epitopes of BHLHB2 or pqitide fi:agments 
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of the BHLHB2 arc also encompassed by the invention. Such antibodies include but are not 
limited to polyclonal antibodies, monoclonal antibodies (mAbs), humanized or chimeric 
antibodies, single chain antbodies. Fab fragments, firagments, fragments produced by 

a Fab expression library, anti-tdiotypic (anti-Id) antibodies, and epttope-binding fragments of 
any of tihe above. 

The antibodies of the mvention nuy be used, for example, in the detection of Ae BHLHB2 in 
a biological sample and may, therefore, be utilized as part of a diagnostic or prognostic 
teclmiquewherelqr patients niay be tested for abnorinalamounte Such 
antibodies may also be utilized in conjunction witih, for example, compound screening 
schemes for ttie evaluation of tiie effect of test compounds on expression and/or activity of ttie 
BHLHB2 gene product. Additionally, such antibodies can be used in conjunction witii the 
gene therapy techniqties described, for example, evaluate the normal and/or engineered 
BHLHB2*expressing cells prior to their introduction into the patient Such antibodies may 
additionally be used as a metiiod for the inhibition of abnormal BHLHB2 activity. Thus, such 
antibodies may, therefore, be utilized as part of CAD treatment methods. 

Methods of making and detecting labelled antibodies are well known (Campbell; Monoclonal 
Antibody Technology, in: Laboratory Techniques m Biochemistry and Molecular Biology, 
Volume 13. Eds: Burdon R et al. Elsevier, Amsterdam (1984)). The term antibody includes 
both monoclonal antibodies, which are a substantially homogeneous population, and 
polyclonal antibodies which are heterogeneous populations. The term also includes inter alia, 
humanised and chimmc antibodies. Monoclonal antibodies to specific antigens may be 
obtained by methods known U> those skilled in tiie art, such as from hybridoma cells, phage 
\ display libraries or ottier methods. Monoclonal antibodies may be inter alia, human, rat or 
mouse derived. For die production of human monoclonal antibodies, hybridoma ceUs may be 
prepared by fusing spleen cells from an immunised anhnal, e.g. a mouse, with a tumour cell. 
Appropriately secreting hybridoma cells may thereafter be selected (Koehler & Milstein, 
Nature 256:495-497 (1975); Cole et al., "Monoclonal antibodies and Cancer Therapy"', Alan 
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R Lisa Inc, New Yoik N.Y. pp 77-96 (1985)). Such antibodies may be of any 
immunoglobulin class including IgQ, IgM, IgE» IgA, IgP and any subclass theieof. 

Polyclonal antibodies can be generated by immunisation of an animal (such as a mousey rat, 
s goat, horse, sheq) etc) with BHLHB2. 

Rodent antibodies may be humanised using leccmibmant DNA technology according to 
techniques known in the art Alternatively, chimeric antibodies, single duun antibodies, Fab 
fragments may also be developed against die polypeptides of the invention (Huse et al., 

10 Science 256:1275-1281 (1989)), using skUls known in the art Antibodies so produced have a 
number of uses which will be evident to the molecular biologist or immunologist skflled in the 
art Such uses include, but are not limited to, monitoring en^e eiqpressicm, development of 
assies to measure enzyme activity and use as a therapeutic agent Enzyme linked 
unmunos<»baiit assays (EUSAs) are well known in die art and would be particularly suitable 

IS for detectmg the BHLHB2 or polypeptide fragments thereof in a test sanqile. 

Screening Assay 

The invention also provides a method for identifying modulators, i.e., test coinpounds (e.g., 
peptides, peptidomimetics, small molecules or otfier drugs) which modulate the activity of the 
20 BHLHB2 gene or protein. 

In one example, the invention provides methods for screemng for test confounds for use in 
the treatment of CAD by screening for test conqpounds &at modulate the activity of flie 
BHLHB2 protein, or a portion thereof. The test compounds of the present invention can be 

25 obtained using any of the numerous approaches in combinatorial library metiiods known in 
the art, including: biological libraries. The method can be a cell-based method or a cell free 
metiiod. The sheening methods according to the invention may be operated usii% 
conventional procedures, for example by bringing tiie test compound or compounds to be 
screened and an appropriate substrate mto contact with the BHLHB2 polypeptide, or a cell 

30 capable of producing it, or a cell membrane preparation thereoi^ and determinmg affinity for 
the BHLHB2 polypeptide in accordance witii standard techniques. 
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Any compound identified in this way may prove useflil in the treatment of CAD inlnmians 
and/or other animals. The invention thus extends to a compound selected through its ability 
to regulate the activity of the BHLHB2 protein in vtvo as primarily detennined in a screening 
assay utilising a BHLHB2 polypeptide or a homologue or fragment thereof^ or a gene coding 
dierefore for use in tiie treatment of a disease in which the over- or under-activity or 
unregulated activity of the protein is implicated. 

According to a further aspect of Ae invention there is provided a screening assay or method 
for identifying potential CAD therapeutic compounds comprising contacting an assay system 
capable of detecting tiie effect of a test conq)Ound against expression level of BHLHB2, with 
a test compound and assessing tiie change in expression level of BHLHB2. Compounds that 
modulate the expression of DNA or WNA of the BHLHB2 polypeptide may be detected by a 
variety of assay systems. A suitable assay system may be a simple "yes/no" assay to 
determine whether there is a change in expression of a reporter gene, such as beta- 
galactosidase, luciferase, green fluorescent protein or others known to the person skilled in the 
art (reviewed by Naylor, Biochem. Pharmacol. 58:749-57, 1999). The assay system may be 
made quantitative by conq>aring the expression or function of a test sample with the levels of 
expression or function in a standard sample. Systems in which transcription factors are used 
to stimulate a positive output, such as transcription of a reporter gene, are generally referred to 
as **one-hybrid systems'* (Wang, M.M. and Reed, ILR. Nature 364:121-126, 1993)- Using a 
transcription factor to stimulate a ne^tive output (growth inhibition) may thus be referred to 
as a **reverse one-hybrid system" (Vidal et al, 1996, supra). Therefore, in an embodiment of 
the present invention, a reporter gene is placed under the control of the BHLHB2 promoter. 

In a further aspect of the invention a cell or cell line conqwising a reporter gene under the 
control of the BHLHB2 promoter is provided. 

According to another aspect of the present invention there is provided a method of screening 
for a compound potentially useful for treatment of CAD, which comprises assaying the 
compound for its ability to modulate the activity or amount of BHLHB2. Preferably the assay 
is selected fiom: 
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i) measurement of BHLHB2 activity using a cell line which expresses the BHLHB2 
polypeptide or using purified BHLHB2 polypeptide; and 

ii) measurement ofBHLHB2tianscription or translation in a cett line 
BHLHB2 polypeptide. 

Thu8» in a further aspect of the invention^ cell cultures expressing tfie BHLHB2 polypeptide 
can be used in a screen for therapeutic agents. Effects oftest compounds may be assayed by 
changes in mRNA or protein of BHLHB2. As described above, ceUs (ie. mammalian, 
bacterial, etc) can be engineered to e>q>ress the BHLHB2 polypeptide. 

10 

Thus, accoidmg to a further aspect of the mvention there is provided a metfiod of testmg 
potential therapeutic agents for the abilily to siq^ress the CAD phenotype coniprisii^ 
contacting a test compound witihi a cell engineered to express the BHLHB2 polypeptide; and 
determining whedi^ said test compound si^pressed expression of the BHLHB2 polypeptide. 

IS 

We also provide a mediod for identifying mhibitors of transcription of BHLHB2, which 
method comprises contacting a potential therapeutic agent with a cell or cell Ime as described 
above and determining inhibition of BHUIB2 transcription by the potential there^eutic agent 
by refermce to a lack of or reduction in expression of ttie reporter g^e. 

20 

Any convenient test compound or library of test compounds may be used in conjunction with 
the test assay. Particular test compounds include low molecular weight chemical compounds 
(preferably with a molecular weight less tisan ISOO daltons) suitable as phannaceutical or 
veterinary agents for human or animal use, or compounds for non-administered use such as 
25 cleaning/steriUsing agents or for agricultural use. Test coinpounds may also be bi 

nature, such as antibodies. 

According to a furtiber aspect of the invention there is provided a conqpound identified by a 
screening method as defined herein. 

30 

According to another aspect of the present invention there is provided use of a compound able 
to modulate the activity or amount of BHLHB2 in the preparation of a medicament for the 
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treatment of CAD. ModulatioD of the amount of BHLHB2 by a compound may be brought 
about for example through altered gene expiesaion level or message stability. Modulation of 
the activity of BHLHB2 by a conqwund may also be brought about for exanqtle through 
compound binding to the BHLHB2 proteui. In one embodiment, modulation of BHLHB2 
5 comprises use ofa compound able to reduce the activity or amount of BHLHB2. In another 
eoibodiment, modulation of BHLHB2 comprises use of a compound able to htcrease the 
activity or amount of BHLHB2. 

Diagnostic test 

10 Methods for the diagnosis of CAD may, for exan^le, utilize reagents such as the BHLHB2 
nucleotide sequences and BHLHB2 antibodies. Specifically, such reagents may be used, for 
example, fon (1) the detection of die presence of BHLHB2 gene mutations, or die detection of 
eidier over- or under-expression of BHLHB2 mRNA relative to a control; (2) die detection of 
eidjer an over- or an under-abundance of BHLHB2 gene product relative to a control; and (3) 

IS the detection of perturbations or almormalities in tiie signal tamsduction patixway mediated by 
BHLHB2. 

The methods desaibed herein may be performed, for example, by utUtzing pre-packaged 
diagnostic kits comprising at least one specific BHLHB2 nucleotide sequence or BHLHB2 
30 antibo(fy rea^t described herein, which may be convenientiy used, e.g., in clinical settings, 
to diagnose patients exhibiting body weight disorder abnonnalities. 

For the detection of BHLHB2 mutations, any nucleated cell can be used as a starting source 
for genomic nucleic acid. For the detection of BHLHB2 gene expression or BHLHB2 gene 
25 products, any cell type or tissue in which the BHLHB2 gene is expressed can be used. 

Detection of BHLHB2 polymorphisms 

Knowledge of polym(»phisms can be of assistance in identifying patients susceptible to 
30 particular diseases and those most suited to dierapy wifo particular pharmaceutical agents (the 
latter is often termed "phamiacogenetics*0. Pharmacogenetics can also be used in 
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phaimaceutical research to assist die drug selection process. Polymoxphisiiis are used in 
mapping the human genome and to elucidate die genetic component of diseases. The reader 
is directed to the following references for t»ckgn)und details on pharmacogffietics and otiier 
uses of polymorphism detection: Linder et at. (1997)» Clinical Chemistry, 43» 254; Marshall 
(1997), Nature Biotechnology. IS, 1249; International Patent AppUcaUon WO 97/40462, 
Spectra Biomedical; and Schafer el at. (1998), Nature Biotechnology, 16, 33. 

The present inventors have identified a number of polymorphisms wifliin and around the 
BHLHB2 gene with demonstrable ^etic association to coronary artery disease (CAD). The 
type and portion of polymorphisms, which are identified in Table 3, are identified according 
to the position in Genbaidc 1D*.AB04388S. Tables 4 and S provide sequence adjacent to the 
polymorphism site, which sequence can be used to unambiguously locate flie position of the 
polymorphism in a nucleic acid sample, without reference to AB043885. SEQ ID Nos: 1-17 
provide seqwnce of the polymorphism aiui sequeiice adjacent the polymorphism^ 

According to one aspect of die inresent invention there is inovided a method for the diagnosis 
of a nucleotide polymorphism associated with CAD, which method comi^ises determining 
the sequence of the nucleotide at position 61 of any one of SEQ ID NOs: 1 to S, 7, 8 and 10 to 
17, or determinmg the number of CA repeats starting at position 61 of SEQ ID NO: 6, or the 
number of GT repeats starting at position 61 of SEQ ID NO: 9, and determining the status of 
the human by reference to polymorp]usm(s) detected. 

The term human includes both a human having or suspected of having inflanunatory bowel 
disease and an asymptomatic human who may be tested for predisposition or susceptibility to 
CAD. At each position the human may be homoscy^us for an allele or the human may be a 
heterozygote. 

In one embodiment of the invention preferably the method for diagnosis described herein is 
one in which ttie single nucleotide polymorphism at position 61 (according to SEQ ID NO: 1) 
is the presence of G and/or A. 
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In another embodiment of the invention preferably die method of diagnosis described herein 
is one in which the single nucleotide polymoiphism at position 6^ 

2) is the presence of A and/or C. 

5 In ano&er embodiment oftfae invention preferably the metfiod of diagnosis described he^ 
is one in which the single nucleotide polymoiphism at position 61 (according to SEQ ID NO: 

3) is the presence of C and/or T. 

In anoflier embodiment of the invention preferably the mediod of diagnosis described herein 
10 is one in which the single nucleotide polymoiphism at position 61 (according to SEQ ID NO: 

4) is the presence of C and/or T. 

In another embodiment of the invention prefierably the method of diagnosis described herein 
is one in which flie single nucleotide polymoiphism at position 61 (according to SEQ ID NO: 
15 5) is the presence of C and/or T. 

In anoth^ embodiment of the invention preferably the metfiod of diagnosis described herein 
is one in yAdch the number of CA repeats starting at position 61 (according to SEQ ID NO: 6) 
is determined. 

20 

In another embodiment of die invention preferably the method of diagnosis described herein 
is one in which the single nucleotide polymoiphism at position 61 (according to SEQ ID NO: 

7) is the presence of T and/or C. 

25 In another embodiment of the invention prefoabfy the method of diagnosis described herein 
is one in which the single nucleotide polymorphism at position 61 (according to SEQ ID NO: 

8) is the presence of A and/or G. 

In another embodiment of die invention preferably the method of diagnosis described herein 
30 is one in which the number of GT repeats starting at position 61 (according to SEQ ID NO: 9) 
is determined 
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In anottier enibodimeiit of tfie invention preferably fho mettiod of diagnosis described herein 
is one in wbich the single nucleotide polymoiphism at position 6 1 (according to SEQ ID NO: 

10) is the presence of G and/or C. 

s In anoAer embodiment ofdie invention prefimbly the meOiod of diagnosis desc^ 
is one in which the single nucleotide polymorphism at position 61 (according to SEQ ID NO: 

1 1 ) is the presence of O and/or T. 

In another embodiment of the invention preferabfy the method of diagnosis described herem 
10 is one in which the single nucleotide polymorphism at position 61 (according to SEQ ID NO: 

12) is the presence of G and/w A. 

In another embodiment of the invention preferably the method of diagnosis described horein 
is one in which the single nucleotide polymorphism at position 61 (according to SEQ ID NO: 
IS 13) is the presence of A and/or G. 

In another embodiment of the invention preferably the method of diagnosis described herem 
is one in which tfie single nucleotide polymorphism at position 61 (according to SEQ ID NO: 

14) is the presence of A and/or T. 

20 

In another embodiment of tiie invention preferably tiie mettiod of diagnosis described herein 
is one in whidi Ihe single nucleotide polymorphism at position 61 (according to SEQ ID NO: 

1 5) is the presence of A and/or C. 

2S In anodier embodiment of the invention preferably the method of diagnosis described herem 
is one in which ttie smgle nucleotide polymorphism at position 61 (according to SEQ ID NO: 

16) is the presence of O and/or A. 

In another embodiment of the invention preferably ihe method of diagnosis described herein 
30 is one m which tiie single nucleotide po^orphism at position 61 (according to SEQ ID NO: 

17) is the presence of A and/or T. 
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The method for diagnosis is prefbiably one in which the sequence is determined by a method 
selected fiom amplification lefiractory mutation system and restriction fingment length 
polymorphism. 

5 In another aspect oftfie invention we provide a method for the diagnosis or piognm^ 
inflammatory bowel disease, which mediod conq[nrises: 

i) obtaining saxiqplenucleie acid fiom an individual, 

ii) detecting die presence or absence of a variant nucleotide at portion 61 relative to one or 
more of the sequences disclosed m SEQIDNO: 1 to S. 7, 8 and 10 to 17, or detecting tiie 

10 number of CA repeats starting at position 61 of SEQ ID NO: 6, or the nuniber of OT 
repeats starting at position 61 of SEQ ID NO: 9; and, 

iii) determining the status of tiie individual by reference to the particular variant 
polymorphism. 

15 The test sample of rmdeic acid is conveniently a sanqile of blood, brondioalveolar lavage 
fluid, sputum, or other bo<^ fluid or tissue obtained fiom an individual. It will be i^ypreciated 
that the test sample may equally be a nucleic acid sequence coireqxmding to the sequence in 
the test sample, tiiat is to say that all or a part of tiie re^on in the sample nucleic acid may 
firstly be amplified using any convenient technique e.g. PGR, before use in the analysis of 

20 BHLHB2 variation. 

It will be q>parent to tiie person skilled in the art that there are a large number of analytical 
procedures, whidi may be used to detect the presence or absence of the various SNPs of die 
inventiorL In general, the detection of allelic variation requires a mutation discrimination 

25 technique, optionally an amplificaticm reaction and a signal generation system. Table 1 lists a 
number of mutation detection techniques, some based on tfie PGR. These may be used in 
combination with a nuniber of signal generation systems, a selection of which is listed in List 
L Further amplification techniques are listed in List 2. Many current methods for tiie 
detection of allelic variation are reviewed by Nollau et aL, Clin. Chem. 43, 1 1 14-1 120, 1997; 

30 and in standard textbooks, for example Taboratory Protocols for Mutation Detection^ Ed. by 
U. Landegren, Oxford University Press, 1996 and •TCR**, 2''** Edition by Newton & Graham, 
BIOS Scientific Publishers Limited, 1997. 
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Abbrevtattona: 



ALEX™ 


AmoHfication refractory mutation system linear extension 


APEX 


Arrayed orimer extension 


ARMS™ 


Amplification refractory mutation system 


b-DNA 


Branched DNA 


CMC 


Chemical mismatch deavase 


Bp 


basenair 


COPS 


Competitive oligonucleotide primins system 


DGOE 


Denaturing gradient sel electrophoresis 


FRET 


Fluorescence resonance energy transfer 


LCR 


Ligase chain reaction 


MASDA 


Multiple allele specific diagnostic assay 


NASBA 


Nucleic acid sequence based amplification 


OLA 


Oligonucleotide ligation assay 






PTT 


Protein truncation test 


RFLP 


Restriction fragment length polymorphism 


SDA 


Strand displacement amplification 


SNP 


Single nucleotide polymorphism 


SSCP 


Single-strand conformation polymorphism analysis 


SSR 


Self sustained replication 


TGGE 


Temperature gradient gel electrophoresis 



Table 1 - Mutation Detection Techmoues 
General: DNA sequencm&Sequencmg by hybridisation 
5 Scanning: FIT*. SSCP, DGGE, TGGB, Qeavase, Het^di^lex analysis, CMC* Enzy^ 
mismatoh cleavage 

'^Note: not usefid for detection of promoter polymorphisms^ 
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Hybridbatton Based 

Solid phase hyhridssation: Dot blots, MASDA, Reverse dot blots, Oligonucleotide 
anays O^NA Clups) 

Solution phase hybridisation: Taqman™ - US-5210015 & US-S487972 (Hoffinann-La 
5 Roche), Molecular Beacons -TVagi era/ (1996), Nature Biotedi^ 
95/13399 (PubUc Health Inst, New Yoik) 

Extension Based: ARMS™, ALE3C»< - European Patent No. EP 332435 Bl (Zeneca 
Lhnited), COPS - Oibbs ei al (1989), Nucleic Acids Research, 17, 2347. 
Incorporation Based: Mini-sequendng, APEX 
10 ResCrtetlonEnzynie Based: RIHLP, Restriction site generating PCK. 
Ligation Based: OLA 
Other: Invader assay 

IM^ \ - SiRBftH qq^era^m gr Pg^^ftfoa Svi^m 

IS Fluoreseence: FRET, Fluorescence quenching. Fluorescence polarisation •* United Kingdom 
Patent No. 2228998 (Zeneca Lunited) 

Other: Chemiluminescence, isiectrochemiluniinescence, Raman, Radioactivity, Cdlorimetric, 
Hybridisation protection assay. Mass spectrometry 

20 List 2- Further Amplification Methods 
SSR, NASBA, LCR, SDA, b-DN A 

Preferred mutation detection techniques inchide ARMS™, ALEX™, COPS, Taqpoan, 
Molecular Beacons, RFLP, and restriction site based PGR and FRET techniques. 

25 

Particularly preferred methods include Taqman, ARMS<^ and RFLP based methods. Taq^nan 
is an especially preferred method 



Assays, for «ample reporter-based assays, vaa^ be devised to detect whether one or more of 
30 the above polymorphisms affect transcription levels. 
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In a further aspect, the diagnostic methods of the invention, aie used to assess the 
predisposition and/or susceptibility of an individual to CAD. and the pnssent invention may be 
used to recognise nufividuals who are particularly at risk ftom developing CAD conditions. 

s In a flirther aspect, the diagnostic mediods of the hxvention ace used ni the devehq;nnent of 
new drug ttierapies. vtbkth selectively target one or more alldic variants idoitified herem. 
Identificatioo of a link between a particular aUelic variant and predisposition to disease 
development or response to drug therapy may have a significant impact on Hxe design of new 
drugs. Drugs taay be designed to regulate the biological acth^ty of variants impUcated in fSm 

10 disease process whilst minimising effects oh other variants. 

In a fiirUier diagnostic aspect of the invention tiie presence or absoice of variant nucleotides is 
detected by reference to ^ loss or gain o^ opti<mally enguieeced. sites recognised by 
restriction enzymes. The person of ndinary skill will be able to design and implement 
19 dii^ostic ^ocedures based on tiie detectim of restriction fiagmoat lengOt polymorphism due 
to the loss or gain of one or more of flie sites. 

The invention further provides nucleotide primers whidhi detect Ac polymorphisms of the 
invention. 

20 

The inventi<m finrther provides nudeoti^ probes whidi can detect the potymorphisnis of the 
invention. 

According to ano&er aspect of tfie present invention a perstm of ordinary ddll will be able to 
25 design allele specific primos or probes cqjoble of detecthig a polymorphism at po^on 61 at 
one or more of: SEQ ID NO: 1 to 17. 

An allele specific primer is used, genendty togetfier widi a constant primer, in an 
anqilificafion reaction sudi as a PCR reaction, vAdch provides the discrimmation between 
30 alleles through selective amplification of one allele at a particular sequence position e.g. as 
used for ARMS™ assays. Hie allele specific primer is preferably 17- 50 nucleotides, more 
preferably about 17-35 nucleotides, more preferably about 17-30 nucleotides. 
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An aUele specific primer preferably conesponds exactly with fhe allele to be detected but 
derivatives tiiereof are also contemplated wherein about 6-8 of the nucleotides at the 3* 
terminus correspond with the allele to be detected and i^erein up to 10, such as up to 8, 6» 4, 
2, or 1 of the remaming nucleotides may be varied without significantly affecting flie 
properties of the primer* 

Primers may be manufiictured using ai^ convenient iiiettod of synthra Exan^lesof such 
methods may be found in standard textbooks* for exaoaple ''Ptotocols for Oligonucleotides 
and Aiuilogues; Syndiesis and Properties,** Methods in Molecular Biology Series; Volume 20; 
Ed Sudhir Agrawal, Humana ISBN: 0^9603-247-7; 1993; 1"^ Edition. If required the 
ptimer(s) may be labelled to ftcilitate detectioiL 

According to another aspect of the present invention tiiere is provided an allele-specific 
oligonucleotide probe capsble of detecting a polymorphism at position 61 of any one of SEQ 
ID NOs: 1 to S, 7» 8 and 10 to 17, or a variant number of CA repeats starting at position 61 of 
SEQ ID NO: 6, or a variant number of OT rqieats starting at position 61 of SEQ ID NO: 9. 

The allele-specific oligonucleotide probe is prefentbly 17- SO imcleotides, more preferably 
about 17-35 nucleotides, more preferably about 17-30 nucleotides. Representative examples 
of oligonucleotide probes are those identified in SEQ ID NO: 1 to 17, but wherein the 
nucleotide at position 3 1 is one or otii^ of the polymorphic alleles* 

The design of such probes will be apparent to the molecular biologist of ordinary skill. Such 
probes are of any convenient length such as up to SO bases, up to 40 bases, more convenientiy 
up to 30 bases in length, such as for example 8-2S or 8-15 bases in length. In general such 
probes will comprise base sequences entirely complementary to the corresponding wild type 
or variant locus in the gene. However, if required one or more mismatches may be 
introduced, provided that the discriminatory power of the oligonucleotide probe is not unduly 
affected. The probes of the invention may carry one or more labels to fitcilitate detection. 
According to another aspect of the present invention there is provided a diagnostic kit 
comprising a diagnostic primer of the invention and/or an allele-q>ecific oligonucleotide 
primer of the invention. 
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The diagnostic kils may comprise qn»iopriate packaging and instroctions fw use in fhe 
methods of file invention. Such kita may fiirther comprise appropriate buffe^^ 
poiymerase(s) such as tfieimo8td)le polymerases, for example taq polymerase. 

5 In another aspect ofdieinvention»«he single nucleotide polymo^ 
be used as genetic markers for this r^on in Unkage studies. 

Detection of the CAD Gene and Thmscripts 

BHLHB2 gene transcripts and mutations within the BHLHB2 gene can be detected by 
10 utilizing a nund>eroftechniques. Nucleic add fixm any nucleated 
starting pofait fw such assay tei^ques, and may be isolated according 
acid prq;>aration procedures ^ch are well known to tiiose of skill in the art 

DN A may be used in hybridization or amplification assays of biological san^les to detect 
15 abnoimditiesuwolvii«BHUIB2 gene structure or ^ne» 

mutations, insertions, deletions and chromosomal rearrangements. Such assays may include, 
but are not limited to, Soutiiem analyses, smgle stranded conf<nmational polymorphism 
aiudyses (SSCP), and PGR analyses. 

20 Such diagnostic methods for tiie detection of BHLHB2 gene-specific mutations can involve 
for exaoqile, contacting and incubating nucleic acids including recombinant DNA molecules, 
cloned genes or degenerate variants thereof, obtained firom a sample, for example, derived 
from a patient sample or otiier appropriate cellular source, witii one or more labeled nucleic 
acid reagents including recombmant DNA molecules, under conditions favorable for the 

25 specific annealing of tiiese reagents to Aeir complonentary sequences within the BHLHB2 
gene. Preferably, the lengths of these imcleic acid reagents are at least IS to 30 nucleotides. 
After incubation, all non-ann^ed nucldc adds are removed from the nucleic acid: BHLHB2 
molecule hybrid. The presence of nucleic acids which have hybridized, if any such molecules 
exist, is then detected. Using such a detection scheme, the nucleic acid from the cell type or 

30 tissue of interest can be immobilized, for example, to a solid support such as a membrane, or a 
plastic surface such as that on a microtiter plate or polystyrene beads. Detection of the 
remainmg, annealed, labeled BHLHB2 nucleic acid reagents is accomplished using standard 
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techniques well-known to those in the art The BHLHB2 gene sequences to which the nucleic 
acid reagents have annealed can be compared to the annealing pattern expected fiom a normal 
BHLHB2 gene sequence in order to detennine whether a BHLHB2 gene mutation is present. 

Detection of the BHLHB2 Gene Products 

Antibodies directed against wild type or mutant BHLHB2 ^ne products or conserved 
variants or peptide fragments thereoi^ can also be used as CAD diagnostics. Such diagnostic 
mediods, can be used to detect abnoracialities infhe level of BHLHB2 gene expression, or 
abnormalities in ttie structure and/or temporal, tissue, cellular, or subcellular location of die 
BHLHB2, and may be performed in vivo or in vitro, such as, for example, on biopsy tissue. 

For example, antibodies directed to epitopes of die BHLHB2 can be used in vivo to detect die 
pattern and level of expression of die BHLHB2 in die body. Sudi antibodies can be labeled, 
and inj ected into a subject in order to visualize binding to die BHLHB2 expressed in die bo4y 
using mediods such as X-mys, CAT-scans, or MRI. 

Additionally, any BHLHB2 fusiim protein or BHLHB2 coi^ugated protein whose presence 
can be detected, can be admmistered. For exaniple, BHLHB2 fiision or conjugated proteins 
labeled widi a radio-opaque or odier qipropriate conqiound can be administered and 
visualized in vivo, as discussed, above for labeled antibodies. 

Alternatively, immunoassays or fusion protein detection assays, as described above, can be 
utilized on biopsy and autopsy samples in vitro to permit assessment of the expression pattern 
ofdieBHLHB2. 

The tissue or cell type to be analyzed will generally include those which are known, or 
suspected, to express the BHLHB2 gene. The protein isolation methods employed herein can, 
for example, be such as diose described in Harlow and Lane (Hailow, E. and Lane, D, 
Antibodies: A Laboratory Manual, Cold Spring Haibor Laboratory Press, Cold Spring 
Harbor, N.Y., 1989), which is incorporated herein by reference in its entirety. The isolated 
cells can be derived from cell culture or fix)m a patient The analysis of cells taken fiom 



culture may be a necessary step in the assessment of cells that could be used as part of a cell* 
based gene therapy technique or, alternatively^ to test the effect of compounds on the 
expression of the BHLHB2 gene. 

5 Gene therapy 

The invention encompasses gene therapy mediods and compositions for treating and 
preventing CAD. 

In one example, tiie loss of nonnal BHLHB2 gene product function can result in die 
10 development of CAD. IncreasuigBHIJHD32 gene i»ioduct activity, or actiw^ 

BHLHB2 pathway (e.g., downstream activation) would therefore ftcilitate progress in 
mdividuals exhibiting a deficient level of BHLHB2 gene expression and/or BHLHB2 activity. 

Alternatively, CAD may be ameliorated by decreasing the level of BHLHB2 gene expression, 
IS and/or BHLHB2 gene activity, and/or downregulating activity of die BHLHB2 pathway (e*g., 
by targeting downstream signaling events). Different approaches are discussed below. 

Inhibition ofBHLHB2 Expression or BHLHB2 Activity 

Any method diat neutralizes or inhibits expression of the BHLHB2 gene (either transciiptton 
20 or translation) can be used to prevent or treat CAD. 

For example, the administration of soluble peptides, proteins, fusion proteins, or antibodies 
(including anti-idiotypic antibodies) that bind to and "neutralize" circulating BHLHB2 can be 
used. Such BHLHB2 neutralizing peptides, proteins, fusion proteins, anti-idiotypic antibodies 
25 or Fabs are administered to a subject in amounts sufficient to treat or prevent CAD. 

In an alternate embodinient, therEq>y can be designed to reduce die level of endogenous 
BHLHB2 gene e^qnession, for example, using antisense or ribo2yme approaches to inhibit or 
prevent translation of BHLHB2 mRNA-transcripts; triple helix approaches to inhibit 
30 transcription of the BHLHB2 gene; or targeted homologous recombination to inactivate or 
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^ock our the BHLHB2 gene or its endogenous promoter. Antisense, ribozyme or DNA 
constructs can be administered directly to die site containing the target cells; or can be 
directed to die target cells. 

Antisense approaches involve the design of oligonucleotides (either DNA or RNA) that are 
complementary to BHLHB2 mRNA. Hie antisense oligonucleotides wilt bind to die 
complementary BHLHB2 niRNA transci^its and prevent translation. Absolute 
complementarity, although preferred, is not required. A sequence **con9lementary to a 
portion of an RNA, as referred to herein, means a sequence havnig sufficient conqilementarity 
to be able to hybridize wiUi ttie RNA, forming a stable duplex; in the case of double-stranited 
antisense nucleic acids, a single strand of die diq>lex DNA may dius be tested, or triplex 
formation mi^ be assayed. The ability to hybridize will d&pejod on both die degree of 
complementarity and die lengdi of the antisense nucleic add. Generally, die longer die 
hybridizing nucleic acid, the more base mismatches with an RNA it may contahi and still 
form a stable duplex (or triplex, as the case may be). One skilled in die art can ascertain a 
tolerable degree of mismatch by use of standard procedures to determine the melting point of 
the hybridized conqplex. 

Oligonucleotides that are complementary to the S* end of the message, for exantple, the 5' 
untranslated sequence up to and including the AUG initiation codon» should work most 
efficiently at inhibiting translation. However, sequences complementary to the 3* untranslated 
sequences of mRNAs have been shown to be effective at inhibiting translation of mRNAs as 
well. Thus, oligonucleotides complementary to either die S*- or 3'-non-translated, non-coding 
regions of die BHLHB2 can be used in an antisense i^roach to inhibit translation of 
endogenous BHLHB2 mRNA. Oligonucleotides complementary to the S* untranslated region 
of the mRNA should include the con4)lement of the AUG start codoiL Antisense 
oligonucleotides complementary to mRNA coding regions are less efBcient inhibitors of 
translation but could be used in accordance with the invention. Whedier designed to hybridize 
to the 5'-, 3'- or coding region of BHLHB2 mRNA, antisense nucleic acids should be at least 
six nucleotides in length, and are preferably oligonucleotides ranging from 6 to about 50 
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nucleotides in length. In q)ecific aspects, the oligonucleotide is at least 10 nucleotides, at least 
17 nucleotides, at least 2S nucleotides, or at least SO nucleotides in lengdi. 

Regardless of the choice of target sequence, it is prefened timt in vitro studies are first 
s performed to quandtate the ability of the antisense oligonucleotide to inhibit gaae oqnession. 
It is preferred diat these studies utilize controls diat distinguish between antisense gene 
inhibition and non^ecific biological effects of oligonucleotides. It is also prefened that these 
studies compare levels of the target RNA or protein with that of an mtemal control RNA or 
protein. Additionally, it is envisioned that results obtdned using the antisense oligmmcleotide 
10 are con^ared with those obtamed using a control oligonucleotide. It is prefened that the 
control oligonucleotide is of appnudnaately fte same lenglh as the test oligonucleotide and 
tiiat tile nucleotide sequence of the oligonucleotide differs fiom tfw antisense sequence no 
more tiian is necessaiy to i»revait specific hylnidization to die target sequoice. 

IS While antisense nucleotides con^lementaiy to die BinJ]B2 coding region sequence could be 
used, ttiose conoplementaiy to tiie transcribed untranslated region are most prefened. The 
antisense molecules should be delivered to cells which Repress ttie BHLHB2 in vivo. A 
number of metiiods have been developed for delivering antisense DNA or RNA to cells; for 
eacample, antisense molecules can be injected directiy into die tissue site, or modified 

20 antisense molecules, designed to target tiie desired cells (e.g., antisense linked to peptides or 
antibodies diat specifically bind receptors or antigens expressed on die target cell surface) can . 
be administered systemicaUy. 

Ribozyme molecules designed to catalytically cleave BHLHB2 mRNA transcripts can also be 
25 used to prevent teanslation of BHLHB2 mRNA and expression of BHLHB2. (See, e.g., 
WO90/1 1364; Sarver et al.. Science 247:1222-1225, 1990). While ribozymes tiiat cleave 
mRNA at site specific recognition sequences can be used to destroy BHLHB2 mRNAs, die 
use of hammerhead ribozymes is preferred. Hammeifaead ribozyn^ cleave mRNAs at 
locations dictated by flanking regions diat fom complementary base pairs widi die target 
30 mRNA. The sole requirement is that die target mRNA have die foUowIng sequence of two 
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bases: S -UO-3'. The constniction and production of hammerhead ribozymes is well known in 
die art and is described more fully in Haseloff and Gerlacb, Nature 334:585-591, 1988. There 
are hundreds of potential hammeifaead ribozyme cleavage sites within ihe nucleotide sequence 
of human BHLHB2 cDNA. Preferably the ribozyme is engineered so that die cleavage 
recognition site is located near the 5' end of the BHLHB2 mRNA; i.e., to increase efficiency 
and fntttimlTg the intracellular accumulation of nonrftmctionai mRNA transcripts. 

The ribo2yme8 of flie present invention also include RNA endoribonudeases (heiekafler 
**Cech-type libozymes"*) such as the one which occurs natuially m Tetrahymena Thennophila 
(known as the IVS, or L- 1 9 IVS RNA) and which has been extensively described by Thomas 
Cech and coUaboratois (Zaug, et al., Science 224:574-578, 1984; Zaug and Cech, Science 
231:470-475, 1986; Zaug, et al.. Nature 324:429-433, 1986; patent application No. WO 
88/04300; Been and Cech, Cell 47:207-216, 1986). The Cech-type ribozymes have an eight 
basepair active site that hybridizes to a target RNA sequence, whereafter cleavage of the 
target RNA takes place. The invention encompasses ti&ose Cech-type riboqnnes ttiat target 
eight basepair active site sequences that are present in BHLHB2. 

As in die antisense approach, the ribozymes can be composed of modified oligonucleotides 
(e.g. for inq>n>ved stability, targeting, etc.) and should be delivered to cells which express the 
BHLHB2 in vivo. A preferred method of delivery involves using a DNA construct "encoding" 
the ribozyme under the control of a strong constitutive pol in or pol 11 promoter, so that 
transfected cells will produce sufBcient quantities of the ribozyme to destroy endogenous 
BHLHB2 messages and inhibit translation. Because ribozymes, unlike antisense molecules, 
are catalytic, a lower intracellular concentration is required for efiBciency. 

In an alternative embodiment for neutraliang circulating BHLHB2, cells that are genetically 
engmeered to express such soluble or secreted forms of BHLHB2 can be administared to a 
patient, whereiq>on they will serve as "bioreactors" in vivo to provide a continuous siqiply of 
die neutralizing protein. 
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Endogenous BHLHB2 gene expression can also be reduced by inactivating or Smocking out** 
the BHLHB2 gene or its promoter usii% targeted homologous recombination. (E.g., see 
Smithies et al.» Nature 317:230-234, 1985; Thomas & Capecchi, Cell 51:503-512, 1987; 
Thompson et al.. Cell 5:313-321, 1989; each of which is incorporated by reference herein in 
its entirety). 

In yet another embodiment of die invention, tfie activity of BHLHB2 can be reduced'using a 
"dominant negative** approach to effectuate BHLHB2. To tfns end, constnicts that encode 
defective BHLHB28 can be used ui gene therapy approaches to dinnnish the activity of die 
BHLHB2 in appropriate target cells. 

Restoration or Increase in BHLHB2 Expression or Activity 

With respect to an increase in the level of BHLHB2 gene expression and/or BHLHB2 gene 
product activity, BHLHB2 nucleic acid sequences can be utilized for the treatment of CAD. 
Where the cause of CAD is a defective BHLHB2 gene, treatment can be administered, for 
example, in the form of gene replacement therapy. Specifically, one or more copies of a 
normal BHLHB2 gene or a portion of the BHLHB2 gene that directs the production of a 
BHLHB2 gene product exhibiting normal function, can be inserted into the appropriate cells 
within a patient or animal subject, using vectors which include, but are not limited to, 
adenovirus, adeno-assoctated virus, retrovirus, and herpes virus vectors, in addition to other 
particles that introduce DNA into cells> such as liposomes. 

Additional methods that can be utilized to increase the overall level of BHLHB2 gene 
expression and/or BHLHB2 activity include the introduction of appropriate BHLHB2- 
expressing cells, preferably autologous cells, into a patient at positions and in numbers which 
are sufficient to ameliorate the symptoms of CAD. Such cells can be either recombinant or 
non-recombinant. Among the cells that can be administered to increase the overall level of 
BHLHB2 gene expression in a patient are normal cells which express the BHLHB2 gene. 
The cells can be administered to the site of interest Such cell-based gene ihexapy techniques 
are well known to those stdlted in the art, see, for example^ Anderson, et aL, U.S. Pat No. 
5,399,349; Mulligan & Wilson, U.S. Pat No, 5,460,959. 
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Finally, oompoimds, identified in HbB assays described above, that stimuhte or enhance the 
signal transduced by activated BHLHB2, finr exaoqile, by activating downstream signalling 
proteins in the BHLHB2 cascade, and therd>y by-prasing die defective BHLHB2. Hie 
fonnulation and mode of administration will depend upon flie physico-chemical properties of 
5 the conq[x>nnd. 

Pharmaceutical composition contatning the Identified Candidate Compound 

The compounds having the desnred activity may be administered in a physiologicdly 

acceptable carrier to a CAD patient Such compositions of tiie invoition may be in a fonn 

10 suitable for cnral use (for example as tablets, lozeqges, hard or soft capsules, aqueous or oily 
suspensions, emulsicms, dispersible powders or granules, syrups or elixirs), for topical use (for 
example as creams, ointments, gels, or aqueous or oily solutions or suspmsions), for 
administration by inhalation (for mample as a finely divided powder or a liquid aerosol), for 
adnunistration by insufQation (for example as a finely divided powder) or for parenteral 

IS administration (for example as a sterile aqueous or oily solution for intravenous, 

subcutaneous, intramuscular or intramuscular dosing or as a siy >pository for rectal dosuig). 

The compositions of the invention may be obtained by conventional [M?ocedures using 
conventional pharmaceutical excipients, well known in the art Thus, compositions intended 
20 for oral use may contain, for exanq>le, one or more colouring, sweetening, flavouring and/ot 
preservative agents. 

Suitable pharmaceutically acceptable excipients for a tablet formulation include, for exanq;>le, 
inert diluents such as lactose, sodium carbonate, calcium phosphate or calcium carbonate, 
granulating and disintegrating agents such as com starch or algenic acid; binding agents such 
as starch; lubricating agents such as nuignesium stearate, stearic acid or talc; preservative 
agents such as ethyl or propyl p-hydroxybenzoate, and anti-oxidants, such as ascorbic acid. 
Tablet formulations may be uncoated or coated eitiier to modify their disintegration and the 
subsequent absorption of the active ingredient within the gastrointestinal trade, or to improve 
their stability and/or appearance, in eitiier case, using conventional coating agents and 
procedures well known in the art 
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CompositiQiis for oral use may be in the foim of bard gelatin capsules in wbidi tfie active 
ingredient is mixed with an inert solid diluent, fi>r exan^ile, calcium caibomite, calcium 
phosphate or kaolin, or as soft gelatin capsules in vMidli the active ingredient is nuxed wi& 
vfBta or an oil such as peanut oil, liquid parafiBn, or oUve oil. 

Aqueous suspensions generally contain the active ingredient in finely powdered form together 
with one or more suspending agents, such as sodium caiboxymethylcellulose, 
metfaylceDulose, hydroxypropylmetfaylcellulose, sodium alginate, polyvii^l-pyrrolidone, gum 
tragacantti and gum acacia; dispersing or wetting agents such as lecithin or condmsation 
products of an all^lene oxide wifli firtty acids (for example polyoxethylme stearate), or 
condensation products of efiiylene oxide with Img chain aliphatic alcohols, for example 
heptadecaettiyleneoxycetanol, or condensation products of ethylene oxide with partial esters 
derived fiom &tty acids and a hexitol such as polyoxyethylene sorbitol monooleate, or 
condensation products of elhylene oxide with long chain aliphatic alcohols, for example 
hq>tBdecaettiylmeoxycetanol, or condensation products of ethylene oxide with partial esters 
derived fiom fiitly acids and a hexitol such as polyoxyethylene sorbitol monooleate, or 
condensation products of ethylene oxide with partial estm derived fipom fatty acids and 
hexitol anhydrides, for example polyethylene sorbitan monooleate. The aqueous suspensions 
may also contain one or more preservatives (such as ethyl or propyl p-hydroxybenzoate, anti- 
oxidants (such as ascorbic aci^, colouring agents, flavouring agents, and/or sweetening 
agents (such as sucrose, saccharine or aq;>artame). 

Oily suspensions may be fomiulated by subtending the active ingredient in a vegetable oil 
(such as arachis oil, olive oil, sesame oil or coconut oil) or in a mineral oil (such as liquid 
paraffin). The oily suspensions may also contain a thickening agent such as beeswax, hard 
paraffin or cetyl alcohol. Sweetening agents such as those set o\it above, and flavouring 
agents may be added to provide a palatable oral prq;)aratton. These compositions may be 
preserved by the addition of an anti-oxidant such as ascorbic acid. 

Dispersible powders and granules suitable for preparation of an aqueous suspension by the 
addition of water generally contain the active ingredient together with a dispersing or wetting 
agent, suspending agent and one or more preservatives. Suitable dispersing or wetting agents 
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and suspending agents are exemplified by tfiose already mentioned above. Additional 
excipients such as sweetening, flavouring and colouring agents, may also be present 

The pharmaceutical compositions of the invention may also be in the form of 
oil-in-water emulsions. The oily phase may be a vegetable oil, sudi as olive oil or aiachis oil, 
or a mineral oil, such as for example liquid paraffin or a mixture of any of tfiese. Suitable 
emulsifying agents may be, for example, naturaUy*oocuiring gums such as gum acacia or gum 
tragacantfi, naturally-occurring phosphatides such as soya bean, lecithin, an esters or partial 
esters derived fiom fiitty acids and hexitol anhydrides (for exanq)le sorbitan monooleate) and 
condensation products of the said partial esters witti ethylene oxide such as polyoxyethylene 
sorbitan monooleate. The emulsions may also contain sweetening, flavouring and 
preservative agents. 

Syrups and elixirs may be formulated witii sweetening agents such as glycerol, propylene 
glycol, sorbitol, aqpartame or sucrose, and may idso contam a demulcent, preservative, 
flavouring and/or colouring agent 

The pharmaceutical compositions may also be in tiie form of a sterile injectable aqueous or 
oily suspension, which may be formulated according to known procedures using one or more 
of die appropriate dispersing or wetting agents and suspending agents, which have been 
mentioned above. A sterile injectable preparation may also be a sterile injectable solution or 
suspension in a non-toxic parentmlly-acceptable diluent or solvent, for exanqple a solution in 
1,3-butanediol. 

Siq>pository formulations may be prepared by mixing the active ingredient witii a suitable 
nonriiritating excipient which is solid at ordinary temperatures but liquid at the rectal 
tenq)erature and will therefore melt in the rectum to release the drug. Suitable excipients 
include, for example, cocoa butter and polyetiiylene glycols. 

Topical formulations, such as creams, ointments, gels and aqueous or oily solutions or 
suspensions, may generally be obtained by formulating an active ingredient with a 
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conventional, topically acccq[rtab!e, vehicle or diluent using conventional pioceduie well 
known in the art 

Compositions fin* administration by insufflation may be in the fonn of a finely divided 
powder containing particles of average diameter o( fi)r example, 30|t or much less, the 
powder itself comprising eidier active ingredient alone or diluted with one or more 
physiologically accqitable carriers such as lactose. The powder for insufflation is Aen 
conveniently retained in a capsule containing, for example, 1 to SQmg of active ingredient fbr 
use with a turbo-inhaler device, such as is used for insufflation of the known agent sodium 
cromoglycate. 

Compositions for administration by inhalation may be in the form of a conventional 
pressurised aerosol arranged to dispense die active ingredient either as an aerosol containing 
finely divided solid or liquid droplets. Conventional aerosol propellents such as volatile 
fluorinated hydrocarbons or hydrocarbons may be used and die aerosol device is conveniently 
arranged to dispense a metered quantity of active ingredient 

For further information on Formulation the reader is referred to Chapter 25.2 in Volume S of 
Comprehensive Medicinal Chemistry (Corwin Hansch; Chairman of Editorial Board), 
Pergamon Press 1990. 

The amount of active ingredient that is combined with one or more excipients to produce a 
single dosage form will necessarily vary depending upon the host treated and the particular 
route of administration. For example, a formulation intended for oral administration to 
humans will generally contain, for example, fix)m 0.5 mg to 2 g of active agent compounded 
with an ^propriate and convenient amount of excipients which may vary fiom about 5 to 
about 98 percent by weight of the total composition. Dosage unit forms will generally contain 
about 1 mg to about 500 mg of an active ingredient For further information on Routes of 
Administration and Dosage Regimes the reader is referred to Chapter 25.3 in Voliuhe 5 of 
Comprehensive Medicinal Chemistry (Corwin Hansch; Chairman of Editorial Board), 
Pergamon Press 1990. 
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The size of fhe dose for fhera|>eutic or prophylactic puxposes of a compound will naturally 
vary according to the nature and severity of die conditions^ fhe age and sex of the animal or 
patient and fhe route of administration, according to well known principles of medicine. 

s In using a confound for ttierapeutic or prophylactic purposes it wU^ 
administered so that a daily dose in the range, for example, 0.S mg to 75 mg por kg body 
weight is received, pven if required in divided doses. In general lower doses will be 
admmistered wh«i a parenteral route is employed. Tfaus» for example, for intravenous 
administration, a dose m fhe range, for example, 0.S mg to 30 mg per kg body weight will 

10 generally be used. Similariy, for admhiistration by inhalation, a dose m the range, for 
example, 0.S mg to 25 mg per kg body wei^ will be used Oral admmistntion is however 
preferred. 

It will be obvious to those skilled in fhe art to which die invention pertains, diat various 
15 diangesandmodificatiorismaybetnadewidioutdepartirigfiromtfaescopeoffheinventi^ 
defined by the claims. 
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ExampteJ 

530 affected sib-paira (ASPs) fiom 407 bmilies with both sibs having CAD before 65 yean 
were collected from hospitals in Sweden, Italy and Gennay . All ASPs were recruited either 
fiom hospital discharge databases, existing research4>ased patient databases or fiom coronary 
5 care units* 

Probands were individuals with documented myocardial infSarction (MI) or other symptomatic 
acute coronary syndrome (ACS; defined as hospitalisation for one of the following 
indications: a) unstable angina; b) thrombolysis for suspected MI (localised ST-elevation in 2 
or more ECO leads); c) emergency revascularisation for control of typical ischaemic chest 
10 pain at rest) first diagnosed before 65 years and confirmed by the physician. Affected sibs 
were individuals vnHh confirmed MI, other synqrtomatic ACS as for the proband but in 
addition, chronic stable angina first diagnosed before 65 years and confirmed by physician, 
was included. 

Preparation of genomic DNA from blood cells 

15 Blood sanq)les were stored at -80**C. Before extraction the samples were thawed at ST'C m a 
water bath. To extract the genomic DNA, using the PUREGENE DNA Isolation kit fiom 
Centra Systems, the blood cells w«e added to 30ml of RBC lysis solution in a 50ml 
centrifuge tube. The mixture was inverted twice while incubating for lOminutes (min) at 
room temperature (RT). To separate the white cells from other lysed material, the mixture 

20 wascentrifugedinaRT-7™fiomSon^lLtd.at2,000Xgforl0niin. Most of the supernatant 
was removed leaving approxunately 100ml of residual solution to resuspend die cells in by 
vigorously voteicing. Following resuspension lOnd of cell lysis solution were added and 
nuxed by pipetting. To digest any RNA, 50ml of KNase A solution were added to the lysate, 
which was dien mcubated at ST^'C for ISmin. After SNA digestion, 3.3ml of protein 

25 precipitation solution was added and the mixture was vortexed for 20seconds (s). To separate 
the proteins fiom the DNA, the mixture was again centrifiiged at 2,000X g for lOmin, The 
supernatant retaining the DNA was then poured off into another 50ml centrifuge tube 
containing IQml of 100% isopropanol and mixed by inverting 50X. To separate the DNA 
fiom the aqueous solution, it was removed widi an inoculating loop and washed in 1 0ml 70% 
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ethanol in a SOml centriftige tube, to remove any residual salt The DNA was removed from 
the 70% ethanol using an inoculating loop and air dried briefly. To hydrate, die DNA was 
added tolml of DNA hydration solution in a 14ml cratrifiige tube and this was rocked at RT 
overnight allowing the DNA to equiUbmte. The resulting DNA samples were transfeired to 
LSml tubes and stored at -80^C The concentration of extracted g^Kmiic DNA was 
quantified usiiig the Fluorocount™ from Pad^ Instruments Co. The DNA was diluted to 4 
ng/nd into a wofkmg phte. 

Dispensu)^ DNA from a woildng plate mto several 96-well plates for subsequent polymeiase 
chain reaction (PCR) amplification reactions was performed using the Hydra'^96 from 
Robbins Scientific, Inc. The Hydm™ was programmed to dispense Sml of DNA from each 
well of a "working plate* mto the correq[X)nding wells of die required number of PCR plates. 
Before dispensing, the Hydra™ was washed with water. Following dispensing the Hydra™ 
was steriUsed by wa^g with water, wi& 2% cUorosindustriaU and again ^ The 
resultiiig PCR plates, containing 20ngofDNA in each weU» were dried at 80''C for Ihr. The 
plates were stored at -20X. 

Microsatellite genotyping for genome scan 

A total of 384 microsatellite markers were genotyped across the CAD ASP fiunilies. The 
majority of these were from the linkage mapping set 2.0 (Applied Biosystems). Additional 
maricers were included to replace those excluded by error checking procedures. The 
amplification of microsatellite markers by PCR and subsequent pooling of the amplified 
products into panels were carried out using a RapidGene™ automated system ftom Oxagen 
Ltd. The PCR plates contained 2Qng of dried genomic DNA in each well. The l.Sml tubes 
contained SmM of appropriate 'forward' oligonucleotide, SmM of the corresponding 'reverse* 
oligonucleotide, IX PCR buffer n, 2.SniM MgC12, ImM dNTP, and 0.06u/ml AmpUTaq 
Gold™ DNA polymerase in final volume of 1 .2ml. During the run, 1 0ml of the appropriate 
PCR reaction mixture were dispensed into the wells of the plates. Following amplification die 
reactions were pooled into panels and the pool plates were sealed and stored at 4^C. Pooled 
DNA fragments generated from the amplification of microsatellite markers were separated by 
capillary electrophoresis using an ABI 3700 automated sequencer CPE Applied Biosystems, 
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Inc). Products were sized using the programme ABIOENK (PE 
Biosystems) and genotypes assigned semi-automatically using die OENOTYPER soflwaro 
(version 2.0). 

5 Linkage Anafysts Chromosome 3 

In a genome wide screen with 384 markers (average marker distance 9.2 cm) 530 affected sib- 
pairs were analysed fiom 407 families. In addition marker genotypes for at least one parent or 
unaffected sibs were available in 110 fimilies. 

10 The genotype data for chromosome 3 include 23 markers (see Fig 1) with an average distance 
of 9.8 cM. Linkage analysis was performed in Oenehunter-Plus version 1.3 (Kiuglyak et al. 
Am. J. Hxnn. Oenet. S8, 1347-1363 (1996) and Kruglyak and Lander. Journal of 
Con^utational Biology 5:1-7 (1998)) using the *air scoring ftmction^ followed by calculation 
of LOD-scores in KAC as described by Kong and Cox Am. J. Hum. Oenet 61,1 179-1 1 88 

15 (1997). A maximum LOD-score of 3.45 was obtained at 9 cM, with the position given as the 
distance fiom the most telomeric marker D3S1297 (Fig 1). In table 2, LOD-scores for the 
three markers overlapping die peak aro diq[>layed. 



Positloii 


LOD 


Marker 


0.0 


2.S1 


D3S1297 


9.0 


3.45 




14.1 


3.21 


D3S1304 


27.8 


0.4S 


D3S1263 



20 To assess fhe Statistical significance oftfae obtained LOD-score we simulated maricer 
genotype data under a model with no genetic effect, preserving the fionily structures and 
missing data patterns of the families in the study, using fhe observed marker allele 
firequendes. In 3600 replicates no LOD-scores as large as the one observed for the real data 
was observed for chromosome 3, indicating a p-value less than 0.001. Consideration of tfie 

25 LOD-scores obtained on all autosomal chromosomes in each replicate resulted in an empirical 
genome-wide p-value of 0.01. 
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Qenetic maiker distances were obtained fiom the Marshfield map and translated to 
recombination fractions using the Kosambi mapping fimction. The marioer allele firequencies 
were estimated fiom all genotyped individuals in die study. 

5 Prior to the Unkage analysis the genotype data went through qii^ 

identification of half-sibs or unrelated individuals among the putative sib pairs using 
RELPAIR (Boehnke ei al. Ant I. Hum. Genet. 61:423-429. 1997), detection of Mendelian 
inconsistencies with PEDCHECK (O'Connell et al.. Am. h Hum. Genet 63:259-266 1998) 
and retyping of inconsistent marker-fiunily combinations. Detected half-sib pairs were 

10 excluded from die linkage analysis described here. 

Associated gene Identification 

The highest linkage was fbund between makers D3S1297 and D3S1304, within this region 
lies die BHLHB2 gene. Further SNP mapping identified this gene as being associated widi die 
IS CAD. 

Example 2 

Identification ofpofymorphisms in BHLHB2, a coronary artery disease (CAD) suscqpHhiUty 
gene on chromosome 3p 

20 

According to the Ensembl genome assenibly (build 31), the BHLHB2 gene consists of 5 
exons covering a genomic distance of 5.7 kb. BLAST analysis using BHLHB2 cDNA 
sug^sts ttiat there might be one or two additional 5 ' untranslated exons. The gene was 
screened for polymoq>hisms, and a selection of die idenitfied polymorphisms were 
25 subsequendy tested for association to CAD in a IDT material. 

1. DNA sequencmg of 3HL]HDB2 exons l-S 

Individual BHLHB2 exons were PGR amplified from genomic DNA of 24 unrelated 
individuals, using oligonucleotide primers designed in flanking intronic sequences. 
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The PCR amplified products were thai sequenced and SNPs identified by Dye-primer 
sequencing as described in the ABI protocol P/N 402114 using ABI 3700 automated 
sequencers. Genotyping of informative SNPs was performed by real*time PCR using the 
TAQMAN™ tedmology fiom PB Biosystems. 

5 The SNPs (or oflier polymorphisms) and their fivquencies are shown in Table 3. Sequence 
flanking the polymorphisna0 is shown in Table 4» Table S shows sequence adjacent the 
polymoiphisms. 

2. Mining miblicSNPdaliihaea 

10 Additional public domain SNlfti in the BHLHB2 gene were identified (dbSNP; 
http://wwwjicbijilnLnih.gov/SNP/). 

SNP genotvDin|g 

Five SNPs discovered in Step 1 (rslll0261. is2271566, is26717S7, rs908078, and 
DEClazl494), were genotyped in at least 92 UK blood donor control DNAs obtained for 
15 vaUdation of SNPs in the TDTcoUection. The results axe sho^ 
MicTQsatelite gimotypliiB 



One marker discovered in Step 1, DEClazOTrep, was genotyped in a number of individuals 
from the TDT collection. The results are Aown in Table 3. 
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Table 3 



Internal 
identifier 


Identifier 


Position In oana 
(Oent>ank ID: 
AB043865) 


^ADeto change 


Allele frequency 
(#oflntfividual8) 


-Single* p- 
value In fist 
TDT analysis 


1 


ml1lQ28i 


2176bD 


Q/A 


no Info 


0.7362 


2 


181104976 


23B6k)D 


A/C 


unoonflniied 




3 


ra2271566 


3643bD 


cn 


C-84%/T«16% 

r3300) 


0.9943 


4 


azooomo 


3944bD 


OTh 


notDohonorohlc 




5 


ra2671757 


5112bD 


CfT 


Cb61%/T»19% 
(3304) 


0.0087 


6 


DECIazCAreo 


5112-S133bD 


(CA)n 


nolnfb 




7 


re908078 


7002bD 


T/C 


T«84%/016% 
(3268) 


0.7346 


8 


rB3205438 


7082bD 


A/G 


not polymorphic 




9 


OECIazGTrdD 


7746.7776bD 


(GT)n 


no Info 


0.3538 


10 


0EC1az1131 


7680bi> 


Q/C 


C=83%/T»17% 
(48) 




11 


DEC1a2l136 


7865bDf 


orr 


Gs87%/Ts32% 
(48) 




12 


DEC1az1140 


7889bD 




G:s83%/Af17% 
(48) 




13 


DEC1az1494 


8243bD 


A/G 


A^1%/Gs19% 
(48) 


0.0660 


14 


rs1801739 


88771)0 


A/r 


not polymorphic 




15 


rs1056377 


690SbD 


A/G 


not polymorphic 




16 


rs1 058380 


8943bp 


G/A 


not polymorphic 




17 


r8l058395 


9065bp 


AH- 


not polymorphic 





TDTUKE Terwaiiger, (Am J Hum Genet 56:777-787, 1995). 



Table 4 



Internal 
identifier 


SHanklng sequence 


1 


CCOCGAACAQCOtXOCCQAACTTCCCAACAGOCAOOGAOAGQC^ 


2 


GQAOQCOACCGQOOCGCCTCTGCTCCGQAQOGGGCAQAGOAQGGAOGG^ 


3 


OCTavrCCAGAOOGTCCOCTAGTOCAGACAGQAGCGCOCAGT^^ 


4 


CAGOATOTACCCTOCCCACATGTACCAAOTGTACAAGTCAAGACX^GG(^ 


5 


AGACAQGTQGCACCCGI 1 HI 1 lAAATTATrrAATTATATATATATATrATATATATATA 


6 


AQACAQQTQQCACOCUl Mill lAAATTATTTAATTATATATATATATT^^ 


7 


atcaqaccx:agctcccaaaqtoatogacttcaaogaaaaa(xx:aoct^ 


8 


ACT0CGTGCCAGrCATC^6CG(^CmCQCTCACTCQAGTG60GlAQCAGAGCGTO 


9 


CTGCAAGATTGTTGCATTGTOTATACTGAGATAATCTGAGGCATOGAGAGCAGAT^ 


10 


CTTTAAAGCTCCTrnGGCATAGGQAAGTCACQAAGGATTGCTTGACAT^ 


11 


AAGCTCCm 1 GGCATAGGGAAGTCACGAAGGATTGCTTQACATCAGGAQACTTGGGGGG 


12 


TCXnTTTGGCATAGGGAAGTCACGAAGGATTGClTGACATCAG^ 


13 


CATAQCACGGTAGTGGmGGGQAGGTTTCCGCAGGTCTGCTCCCCACCC^ 


14 


CAACGQCATATGGAGTGTCCTTATreCTAAAAAGGATrCCGTCTCG^^ 


16 


TATATAAATATATTAAAAAGGAAAATGTTTCAGATGmATTTGTATAATT^ 


16 


TATTTGTATAATTAGTTQATTCACACAGTGAQAAAAAATGAATO^^ 


17 


GAAGGTGTAAAATTGTAAATATTmATCTATGAGTAAATGlTAAGTAO 
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TabieS 



Internal 
identifier 


dHanklng sequenoa 


1 


CCACQTCCCCOGOQTCTCAGTCCCTG6GTCMCQCAGAOAOOCTCOCX30TCCOCOGTO 


2 


QC»CCC0OTATCTrTCT0CGCTr0ACTG6CC00GAG0AAQG0QOTQAC^ 


3 


AT6GAGCGQATCCCCAGCGCGCAACGACCCCCXX3CCTGCCTGGC^^ 


4 


OAGOACAGCAAOQTAAGCAAOTGCACCCCTAGGQACCCTGCGCTCAOCCCCTCGCGC^ 


5 


ACACACACACACACACACACATATATGAGTGTATCTGTCTATCT^^ 


e 


TATATGAGTGTATGTGTGTATGTTmAAAAGGATQACG^^ 


7 


TCGGAAGQTCCTOGGAAAAACTGCGTGCCAGTCATCXAGCGQACrrTTC 


8 


CACOGACACAOACAQTGGCTATGOAQGAGAATCGGAOAAGGGCOACTTOCGCAGTGAGCA 


9 


ATQTGCGTGTGCGTGCAGATGTOTGCCTGCGTGITGGTATAOGAC^ 1 1 1 


10 


GGGGGATTGTAGCAGACGTCTGGGCTTTTCCCCACXXJAGAGAA^^^ 


11 


ATTGTAGCAGACGTOTGGGCTmCCCCACCCAGAGAATAGCCCX^CT^ 


12 


TAQCAOACGTCTGOGCrmCCCCACCCAGAGAATAGCCCCXnTCQATACACA^^ 


13 


OAATAAAGAGAATGTAGTTCCCTACTCAGGCnTrCGTAGTGAT^^ 


14 


TTmGGTCCAQAGTACrrGTTTrCCCGATGTGTCCAGCC^^ 


16 
16 


CACAGTGAGAAAAAATGAATGTATTCCTGlTrTTGAAGAGAAGAATAATT'n' 
AGAAQAATAAI 1 1 1 1 1 1 1 1 ICTCTAGGGAGAQGTACAGTGlTTATATmGGAGCCTTCC 


17 


ACTTAATAAAATAATTCriTTCGTGTGGAAGAGAAAGATGGTCTCCTG^ 
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CLAIMS: 

1. A method of identifying a test compcnmdtfa^ 
comprising: 

contacting a cell capable of expressing BHLHB2 gene with a test confound; and 
5 determining Oie level of expression of the BHLHB2 gene in the presence of the test 
compound, wherein a d^rease or an increase in e3q;>ression of the BHLHB2 gene, as 
compared to the level of expression of a BHLHB2 gene in the absence of the compound^ is 
indicative that the test compound modulates BHLHB2 gene expression. 

10 2. A method of identifying a test compound that modulates the activity of a BHLHB2 protein 
comprising: 

contacting the BHLHB2 protein widi a test compound; and 

determining the level of activity of the BHLHB2 protein m the presence of the 

compound, wherein a decrease or an increase in BHLHB2 protein activity, as compared to the 
15 level of activity of the BHLHB2 protein in the absence of the compound, is indicative that the 

test compound modulates BHLHB2 protein activity. 

3. A method of treating a subject having CAD comprising administering an effective amount 
of the compound identified in claims 1 or 2. 

20 

4. Use of a compound identified in claims 1 or 2 in the preparation of a medicament for the 
treatment of CAD. 

5. A method of treating a patient suffering fix>m CAD comprising administering to said 
25 patient an effective amount of an antibody specific for protein BHLBH2. 

6. A metiiod of treating a patient suffering from CAD comprising administering to the patiCTCt 
an effective amount of an antisense molecule capable of binding to the mRNA of gene 
BHLBH2, wherein binding of tiie antisense molecule to the mRNA causes a decrease in 

30 expression of the protein product of gene BHLBH2. 
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7. Aphannacculicalcompomttoncoinprisingfl^ 
phannaceutieaUy acceptable a<lgttvaiit» dUnent or earner. 

8. A method of rnddng a plianiiBceiidcBlc(mqK»ition comprise 

3 ^tefttfwg a cell eapahle of exprB88iiiy BHLBH2 with a test compomd; 

detenuiniiig the level of eiqnession of BHLBH2 in the presence of the test 

conipouiid;wfaetein a deciease or an increase in expression of BHLBH2» as compared to the 

level of expression of BHLBH2tn the absence of the compound, is indicativB that die test 

compound modulates BHLBH2 gene expression; and 
10 fonnnktingtfie test ccmipoundtfiat modulates BHLBH2 into a plumnaceudcal 

comporitton. 

9. A mediodofmakiii^ a pbarmaceuticalconqMsidon comprising: 

contacting a BHLBH2 protein with a test confound; 
IS determining the level of activity of die BHLBH2 protein in die presence of the 

compound, wherein a decrease or an increase m BHLBH2 protehi activity, as compared to die 
level of activity of die BHLBH2 protein in die absence of die conqiound, is indicative diat the 
test compound modulates BHLBH2 protein activity; and 

fimnulating die test confound diat modulates BHLBH2 protein activiQr Intti a 
20 pharmaceutical compositi<m. 

10. A niediod for determining if a BHLBHZ gene has an altered level of gene expression 
coministng: 

comparing the level of BHLBH2 gene expression in a cell ficom a patient having CAD 
25 witii a control cell; and 

determining die level of expression of the BHLBH2 gene in bodi ceUs, wherein a 
deoease or an increase in expression of the BHLBH2 gene, as coiiq;>ared to die level of 
expression of die BHLBH2 gene in die control cdl, indicates Uiat die BHLBH2 has altered 
gene expression. 



11 . A mediod for determining die level of a BHLBH2 protein in a CAD patient conqiared to 
a c(mtrol comprising: 



comparing the protein level of BHLBH2 in a cell fiom a patient having CAD with a 
control cell; and 

detennining ^e level of the BHLBH2 protein in both cells. 

5 12. A method of identifying a binding partner of the BHLHB2 protein conq^ 
contacting a BHLHB2 protein with a test target protein; and 
determinism if the test target protein can interact with the BHLHB2 protein, wherein 
mteraction of the test taiget protein with BHLBH2 indicates that the test target protein is a 
BHLBH2 buiding partner* 

13. The mefliod of claim 12» wherein the mediod fivOier comprises: 
contacting a gene encoding die test target protein with a test craipoimd; and 
detemunhig the level of e^q^rossion of the test target gene m the presence of the test 

compoimd, wherein a decrease or an ino^ase in test target gene expression, as compared to 
IS die level of expression of the test target gene in die absence of die compound, is indicative 
diat fhe test compound modulates expression of the test target gene and is useful in the 
treatment of CAD. 

14. The method of claim 12, wherein the method further comprises: 
20 contacting the test target protein witii a test compound; and 

determining the level of activity of tibe test target protein in the presence of the test 
coti4)ound, wherein a decrease or an increase in test target protein activity, as compared to die 
level of activity of the test target protein in the absence of the compound, is indicative that die 
test compound modulates test target protein activity and is usefiil in the treatment of CAD. 

25 

15. The method of any of claims 13 or 14, wherein die test compound is formulated into a 
pharmaceutical composition. 

16. A mettiod of treating a subject having CAD comprising administering an effective 
30 amountof die compound identified in claims 13 or 14. 
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17. Use of a compound identified in of ai^ of claims 13 or 14 in the piepaiati<m of a 
medicament for ttie treatment of CAD. 

1 8« A method of identifying other components of the CAD biochemical pathway of which 
a BHLHB2 is a component 

19. A method of diagnosmg CAD» or a susceptibility thereto hi a subject, flie method 
comprising: 

determining the level of mRNA of BHLHB2 in a sample fiom a subject; and 
10 convaring the level of mRNA of BHLHB2 in die sample with a control, wherein a 
decrease or an increase in the level of mRNA of BHLHB2 in die sample compared to die 
control indicates that the subject has CAD , or a susceptibility thereto. 

20. A method of diagnosing CAD or a susceptibility thereto in a subject, the method 
15 comprising: 

determining the level of a BHLHB2 protein in a sample from a subject; and 

comparing the level of BHLHB2 protein in the sample with a control, wherein a decrease 

or an increase in the level of the protein in the sample compared to the control indicates that 

die subject has CAD , or a susceptibility thereto. 



20 



101136 
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Abstract 

Hie present invention describes a Gomnaiy artery disease (CAD) susceptibility gene and die 
use of diis gene in die development of novel thera^es to treat CAD. 



r 
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Sequence Usting: 
SEQIDNo:! 

CCGCGAACAGCGCC^CXX3MCTTCCCAACAGGCAGGQAGAGGG(X 
5 CCACGTCCCCG0Q0TCTCAOTCCGT(MB0TCAACQCA0AQ^^ 

SEQIDNo:2 

GGAGGCQACCGOOOCOCGTCTOGTOCOQAOGOQOCAOAOQAOOQAaOQAOCOCa^^ 
GCGCCCQGTATCTrrCTGCGClTOACTOGCCGOGAQGAAGOOGOTGACACT 

10 

SEQIDNo:3 

C^CATCCAGACGCTCCOCTAGrGCAGACAGGAGCXBCOCAOTC^^ 



IS SEQIDNo:4 

CAOGATGTACCCTGCCXIACATGTACCAAGTGTACAAGTC^^ 
GA<K3ACAGCAAGOTAAGCAA0T0CACCCCTA66GACCCTGCGCT 

SEQIDNo:5 
20 AGACAGGTGGCACCCGTTTTTTTAAATTATTTAATTAT^^ 

ACACACACACACACACACACATATATGAGTGTATCTOTCTATCTT^ 

SEQn)No:6 

AGACAGGTGGCACCC G I MM I i A AATTATrrAATTATATATATATATTATATATATATA(C A)n 
25 TATATGAQTGTATCTGTCTATCTnTrAAAAGCATQACCTACAGACn^ 

SEQIDNo:? 

ATCAGACCCAGCTCCX^AAAGTGATGGACITCAAGGAAAAAGCM 
TCX3GAAGGTCCTGGGAAAAACTGCGTGCX2AGTCATCX:AGCGGAC^ 

30 
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SEQIDNo:8 

ACTOCOTOCCAGTGATCCA0C^(^GTrTCX)CTCACTCQAOT0OQ0^^ 
CACGGACACAQACAGTGQCTATGQAGQAGAATCQOAC3AAGQGCQACTTQCGCA 

5 SEQIDNo:9 

CTGCAAOATTGTTGCATTGTGTATACTQAGATAATCTGAGGCATGQAGAGCAGAT^ 
ATGTGCGTGTGCGTQCACATGTGrOCGTGCOTOTlXMTATAO^ 

SEQIDNo:10 
10 CTnAAAQCTCCTTTTQGCATAGGGAAQTCACGAAGQAT^ 

GGGGGATTGTAOCAGACGrCTGGGCTTTTCCCCACCCAGAGA^^ 

SEQIDNorll 

AAGCTCCTrrrGQCATAGGQAAGTCACQAAQGATTGCTT^^ 
15 ATTGTAGCAGACGTCTGGGClTrTCCCCACCGAGAGAATAGCXX^ 

SEQIDNo:12 

TCCTTTTGGGATAGGGAAGTCACGAAGGATTGCTrGACATCAGGAG^ 
TAGCAGACGTCTGGGCTTTTCCCCACCCAGAGAATAGCCCCXrrrC^^ 

20 

SEQIDNo:13 

CATAGCACGGTAGTQGTTTGGGGAGGTTTCCGCAGGTCTGCTCCa^ACCCCTGarrC^ 
GAATAAAGAGAATGTAGTTCCCTACTCAGGCTTTCGTAGTGATTAGGTTACTAAGC^ 

SEQipNo:14 

CAACGGCATATGGAGTGTCCTTArrGCTAAAAAGGATTOCGrCTCCTTC^ 
TTmGGTCCAGAGTA(nTGTnTCCCGATGTGTCCAGC^ I lICA 




-S3- 



SEQIDNo:15 

TATATAAATATATTAAAAAGOAAAATOTTTCAOATOmAmOTATM 
CACAOTQAGAAAAAATQAATGfrATTC CIUI 1 1 1 IQ AAQAQAAQAATA AI 1 1 i t H lUUI 



SEQ]DNo:16 

TATnOTATAATTACTTQATrCACACAOTQAQAAAAAATQAATOT^ 
riTTTTGTCTAOGQA<MGGTACA6TOTTrATATrrrGM 



SEQIDNo:17 

QAAOOTCnAAAATrGTAAATATrrrrATCTATQAOT^ 
ACTTAATAAAATAATTGlTrTCGTGTOQAAQAQAAAGATQOT^ 



SEQIDNO: 18 

MERIPSAQPPPACLPKAPGLEHGDLPGMYPAHNryQVYKSRROIKRSEDSKET^^ 

RmKKRRDRD^CIAQLKDLLPEHLKLTTLGHLEKAVV^ 

QKnAIXJSGIXJAGELSGRNVBTGQENIFCSGFQTCARBVl^ 

THLHRWSELIXJGGTSRKPSDPAPKVMDnCEKPSSP/^ 

SGEQSGSDTDTDSGYGOESEKGDLRSEQPO^DHGIUanrMGERIGAIKQ 

KNRMQLSDDEGHFTSSDUSSPFLGPHPHQPPFCLPFYLIPPSATAYIJMLEKCWYPTS 

WVLYPGLNASAAALSSFMNPDKISAPIXMPQItt.PSPLPAHPSVDSSVLIX) 

NLETKD 



SEQroNO: 19 

1 ggacaccggg ccatgcacgc ccccaac^a agct^tct caaagccgaa gattccagca 
61 gcccagggga tttcaaagag ctcagactca gaggaacatc tgcggagaga cccccgaagc 
121 cctctccagg gcagtcctca tccagacgct ccgctagtgc agacaggagc gcgcagtggc 
181 cccggctcgc cgcgccatgg agcggatccc cagcgcgcaa ccaccccccg cctgcctgcc 
241 caaagcaccg ggactggagc acggagacct accagggatg taccctgccc acatgtacca 
301 agtgtacaag tcaagacggg gaataaagcg gagcgaggac agcaaggaga cctacaaatt 
361 gccgcaccgg ctcatcgaga aaaagagacg tgaccggatt aacgagtgca tcgcccagct 
421 gaaggatctc ctacccgaac atctcaaact tacaactt^ ggtcacttgg aaaaagcagt 
481 ggttcttgaa cttaccttga agcatgtgaa agcactaaca aacctaattg atcagcagca 
541 gcagaaaatc attgccc^c agagtggttt acaagctggt gagctgtcag ggagaaatgt 
601 cgaaacaggt caagagatgt tctgctcagg tttccagaca tgtgcccggg aggtgcttca 
661 gtatctggcc aagcacgaga acactcggga cctgaagtct tcgcagcttg tcacccacct 
721 ccaccgggtg gtctcggagc tgc^caggg tggtacctcc aggaagccat cagacccagc 
781 tcccaaagtg atggacttca aggaaaaacc cagctctccg gccaaaggtt cggaaggtcc 
841 tgggaaaaac tgcgtgccag tcatccagcg gactttcgct cactcgagtg gggagcagag 
901 cggcagcgac acggacacag acagtggcta tggag^gaa tcggagaagg gcgact^cg 
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961 cag^agcag ccg^cttea aaagtgacca cggacgcagg ttcacgatgg gagaaaggat 
1021 cggcgcaatt aagcaagagt ccgaagaacc ccccacaaaa aagaaccgga tgcagctttc 
1081 ggatgatgaa ggccatttca ctagcagtga odgatcagc tccccgttcc tgggcccaca 
1141 ccc ac a c ca g cctcctttct gcctgccctt ctacctgatc ccaccttcag cgactgccta 
1201 cctgccca^ ctggagaagt gctggtatcc cacctcagtg ccagtgctat acccaggcct 
1261 caacgcctct gccgcagccc tctctagctt catgaaccca gacaagatct cggctccctt 
1321 gctca^ccc cagagactcc cttctccctt gccagclcat ocgtccgtcg actcttctgt 
1381 ct^ccaa gctctgaagc caatcccccc tttaaactta gaaaccaaag actaaactct 
1441 ctaggggatc ctgctgcttt gctttccttc ctcgctactt cctaaaaagc aacaaaaaag 
ISOl tttttgtgaa tgctgcaaga ttgttgcatt gtgtatac^ agataatc^ aggcatggag 
1S61 agcagattca gggtgtgtgt gtgtgtgtgt gtgtgtgtgt gtatgtgcgt gtgcgtgcac 
1621 atgtgtgcct gcgtgttggt ataggacttt aaagctcctt ttggcatagg gaagtcacga 
168 1 aggat^ictt gacatcagga gacttggggg ggattgtagc ag^cgtctgg gcttttcccc 
1741 acccagagaa tagccccctt cgatacacat cagctggatt ttcaaaagct tcaaagtctt 
1801 ggtctgtgag tcactcttca gtttgggagc tgggtctgtg gctttgatca gaaggtactt 
1861 tcaaaagagg gctttocagg gctcagctcc caaccagctg ttaggacccc acccttt^ 
1921 ctttattgtc gacgtgactc accagacgtc ggggagagag agcagtcaga ccgagctttc 
1981 tgctaacatg gggaggtagc aggcactggc atagcacggt agtggtttgg ggaggtttcc 
2041 gcaggtctgc tocccacccc tgcctoggaa gaataaagi^ aatgtagttc cctactcagg 
2101 ctttogtagt gattagctta ctaaggaact gaaaatgggc cccttgtaca agctgagctg 
2161 ccccgg^ggg agggaggagt tccctgggct tctggcacct gtttctaggc ctaaccatta 
2221 gtacttactg tgcagggaac caaaccaagg tctgagaaat gcggacaccc cgagcgagca 
2281 ccccaaagtg cacaaagctg agtaaaaagc tgcccccttc aaacagaact agactcagtt 
2341 ttcaattoca tcctaaaact ccttttaacc aagcttagct tctcaaaggc ctaaccaagc 
2401 cttggcaccg ccagatcctt tctgtaggct aattcctctt gcccaacggc atatggagtg 
2461 tccttatlgc taaaaaggat tccgtctcct tcaaagaagt tttatttttg gtccagagta 
2521 cttgttttcc cga^gtcc agccagctcc gcagcagctt ttcaagatgc actatgcctg 
2581 attgctgatc gtgttttaac tttttctttt cctgttttta ttttggtatt aagtcgttgc 
2641 ctttatttgt aaagctgtta taaatatata ttatataaat atattaaaaa ggaaaatgtt 
2701 tcagatgttt atttgtataa ttacttgatt cacacagtga gaaaaaatga atgtattcct 
2761 gtttttgaag agaagaataa tttttttttc tctagggaga ggtacagtgt ttatattttg 
2821 gagccttcct gaaggtgtaa aat^gtaaat atttttatct atgagtaaat gttaagtagt 
2881 tgttttaaaa tacttaataa aataattctt ttcctgtgga ag 



SEQIDNO:20 

1 tagatagtaa cagtatagac tcattcagca cacagtgtaa ggccaccaag atgctgagtc 
61 ccaataggaa a^gagaaa ^tcccatct ttctcttgta cgaaattatg ttctctcccc 
121 acttagaaga gacaaaacag cagggacggc tacaaaa^g caggattacc cagtgcagct 
181 gctcag^cc acattgcaca actccagagg gtgctctcac acagactgca atgtgaatag 
241 ctccccctgg agttgagcgg tgcacaaccc aaacaaccct accaggcaac cgtaagtata 
301 gtgattaaga gcacaagctt tggagtccaa caaacctggg ggcctgtctc agactgaatc 
361 ccagactata taacctgggg caggttattt agcctccttg agcctcaatt ttccaaacag 
421 aatatgttat acatccctag ggcctatttc agtgtctggc attgaataac aataaacacg 
481 tgtcaaatgc atcgagctaa tactagtacc tgcctaaaag gtggtggtga ggagcaaaga 
541 aattgacata cgaaaggttt ttaatatcta caaaagatga cagactgaaa tagtaacatt 
601 Gtccagga^ gaaagatcta tgccacgtag gaattgtttg ttcaaattat tattttttaa 
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661 aagccataag ctatggagag aataacaggg ttttgttttg ttttttaatc c^^atacggt 
721 ggaagtcfgg taggatggga accgttct^ aagcttgaga atacattcgg aacaaataaa 
78 1 aagtaggaaa ^atacatt ttgttattta cagttgtagg gcaggtaagg gcaaaacgta 
841 t^ataaact caaagaattt taagaatgat at^itcatga ^cat^gcc atggaagctg 
901 caaggtttgg gctccctcct gccatcgggt gggggglgtc ggcggaaggg ggtacgtgtc 
961 ctgtcctctc ccagtgctta tttcctgctg gaaccgtggt tttgacgcag ccgtgacagc 
1021 ccttcatoct tattaaaatc acacaatgaa gcaggtcgco caagattgaa agcgpgtttc 
1081 cagggcg^ cccggtcccc gcctttggcc agcaaaagta cattctggca gggagggatc 
1 141 tctgagcccc gaagtgaggt catgccagtt agcagttaga aaaggaggca tttctcacac 
1201 ttgctaaaga gtttgacgct ^gaaatat aaacaggaag cgggagctct ccaaggegac 
1261 ctgaaggaaa tacactgcca gtttggtcaa cttgtgaatg ccagttctct aggtcgtcaa 
1321 gggcactgcc agttaagact gatcccctaa ctgcacccga ggctactact cttcgcccag 
1381 tctcggcagt gaccccattt ttttttcaat octtcccaca gccaggtcac toagcagtgg 
1441 ggtgactgac ccgaagcgca gtgggaaggg cttacagtca tctctcaact ccccgaactt 
ISOl gcagggcagg ggagcgcaga ggtcagtgaa atccccagcc aggccttatt ttagtcatga 
1561 gtttccac^ gctccctcct ctgactgtat cagcgctgct cacaccgqgg gattggagtt 
1621 tcagctgttt tccctgctcc cggctgagtg agaaggtcac agagcccgga cctttccggg 
1681 ggaggtgggt ggggccctcc ggcagcctaa g^gattgc agagatctgg ggccgctgga 
1741 ggaggtcctt ccgccccggg cttggggctt tgggttagct tctcccccgc ttctctacct 
1801 aggcatctcg gttacaatga aattaaaaac aaaacacaaa gcaacacaag ttctcattgt 
1861 ttttcccctc tgtcagccag tggcctcgat acaattttcc cagggctgcc tttcctttat 
1921 tgctcaattt aacctcttcc tagaggttct gcaagttcaa gggcaggatc cgtgtcggat 
1981 tcatcaacta gtgcagcgcc tagcgcagag cagggggctc aagaaatacg tgtcgaccgc 
2041 atgattgcta agatttccct gtaacaggcg gttttttttt cttgtctctc tcatccctcc 
2101 tgccctgggt gcagaccgcg aacagcgccg ccgaacttcc caacaggcag ggagagggcc 
2161 gatccgggct ggcacgccac gtccccgggg tctcagtccc tgggtcaacg cagagaggct 
2221 cgcggtccgc ggtgctacga cctgagcccg gccacgtgaa gcgtcacgcc c^cgctgct 
2281 gcagggcagg cgccgccgcc gcggttgtgt aacgctgcag ccggagggga ggcgaccggg 
2341 gcgcctctgc tccggagggg gcagaggagg gagggagcgc cgggcacagc gcccggtatc 
2401 tttctgcgct tgactggccg ggaggaaggg ggtgacactg gggcacccag ggggctgcgc 
2461 aaccgggtgc ccgcccgccc gcaggttgtg cccaggagcg gagctcctgg gagcgagggg 
2521 ccctcggctc acaccctcca cggtcaggtg cgcgcggcgt gctcggcggc agcctcagct 
2581 gcccctgcgc ttggccgtcg gcccgcttcc catggggtga catccgcccc gcccctcggt 
2641 ccctccccaa ggcgggcaat tcctggacgc gagggtgagc agtgggggca gggaagccag 
2701 gacggaaaga aaccccagcc tctggggaag gctggggggc cgggcgactc cctccgcagc 
2761 gcgccggttc ctccaagcgg gccgggcggg ggaggaggaa gagggctggg ctggagctag 
2821 caaggggata ttcctctccc ggcttgagtc agacgcgggc ggatccgtcc tcccccgttc 
2881 cctcccagga gacgggaact tacttcattt ccctggggca ggttcgccca cgttaccaac 
2941 ttctococct cccccagcac ccccgtcoct tccagcttcc gcgcccccca cccaactggg 
3001 caggacccag gtcgtgctgc caccccctct tcggggaaag gcggccgcag ccgcagacac 
3061 ctgggggccg gggctggggg tgggggctcc ctagcagccg ccggagcgtt gtccaacacg 
3121 tgagactcat gtgatgaagc cgggggaggg cgggcaggtc gctccttccc tccccggcag 
3181 tggccagacg tgcctggagt cacagggtag aacacgtagc tccaacccac ccactcgctc 
3241 ccatttaacc cagcccgcag cctctccatt actcctcggc ttgccccccc acccccccac 
3301 tccgccctaa ccgccccccc ctcacccgct ccctcccgcc tccccgcccg ccccacttct 
3361 cattcacttg gctcgcacgg cgcagacaga ccgcgcaggg agcacacacc gccagtc^ 
3421 gcgctgagtc ggagccagag gccgcgggga caccgggcca tgcacgcccc caactgaagc 
3481 tgcatctcaa agccgaagat tccagcagcc caggggattt caaagagctc agactcagag 
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3541 gaacatctgc ggagagaocc ccgaagccct ctccagggea gtcctcatcc agacgetccg 
3601 ctagtgcaga caggagcgcg cagtggcccc ggctcgccgc gcca^g^c gg&tccccag 
3661 cgcgcaacca ccccccgcct gcctgcccaa agcaccggga ctggagcacg gagacctacc 
3721 agggtaagtt ggcactoctt ggcccttcaa gcdcaactg cagccccatg ttatgcgcca 
3781 ctctcaactt ggagcagctc cgggcgcacc gggaggttct tgcccggcag aacgcctgca 
3841 gccgtgcgca agcagtcacg acccttcctg gtctctcttc ctgcaggatg taccctgccc 
3901 acatgtacca agtglacaag tcaagacggg gaataaagcg gagcgaggac agcaaggtaa 
3961 gcaagtgcac ccctagggac cctgcgctca gcccctcgcg cgcgctgagt ttccaagaaa 
4021 agttttctcg ctttgaggtt ggcgagggga tgcaggglgt gggctcggtg cctcttctga 
4081 gtgacttgga aaagaaaggg cagacgatgg tlc^ggglgc tactot^ta ctctgctcct 
4141 ctgccggact gttgctgcgg ggctgggagg ataggcttct catctccttc cccaagcgcc 
4201 caccgcctcc ccgtgcgtct tgcaggagac ctacaaattg ccgcaccggc tcatcgagaa 
4261 aaagagacgt gaccggatta acgagtgcat cgcccagctg aaggatctcc tacccgaaca 
4321 tctcaaactt acagtaagtg agaagctggc ccctttocaa cccagtcctt tgcccagagg 
4381 gcgggcgggt cactcgccgc ctgcaggttc cgcggggaac tgcagaccag actggcggat 
4441 cagagctggc gggtggctct gcggtggggt octcctccac agtcctggcg ttttc^ggct 
4501 gactcatgca aatgaggcga gaaccacttg gacctctcca agttggctcc aacaccaact 
4561 ggccttcctt ttcaggagtl taacttctgg tgattttcag gattccctag tttttctcac 
4621 ttaaag^c acgccaagaa acacacacat tttatttacc ccttcccctc taccactecc 
4681 cccacctttt ttgttgttgt tgtcaaataa ggggacttgc tttggtgtgt gatttttacg 
4741 gcctgtcctt tcttgacagt agccctcggc tacttcgcag cctt^gttg gggaaatgga 
4801 aaaaaaaaaa atagtatttc gggaggaaca aaaaagcctg gatgagctgg aagttctgaa 
4861 agggtgtaag gaaagaagta gggaaagcct cttggctgcc agacgtaata gaggtccctc 
4921 tctgagttga caccactgca ggaaaatgtt atctctggat tcccctgagt taaggtcggc 
4981 agaggctgct ggagaaattt atctgtcaaa ggattttcct gaggtagUg cagcttccaa 
5041 aatgcctcca aagacaggtg gcacccgttt ttttaaatta tttaattata tatatatatt 
5101 atatatatat atacacacac acacacacac acatatatga gtgtatctgt ctatettttt 
5 161 aaaagcatga cctacagact taaaacagcc aaccaggaaa cactattcca cttttttttt 
5221 tcttttctca tttctcattg ctaataaatg tcccaaaggt gggacttctc tgacctcacc 
5281 gctgactaag gctcttttcc ttccagactt tgggtcactt ggaaaaagca gtggttcttg 
5341 aacttacctt gaagcatgtg aaagcactaa caaacctaat tgatcagcag cagcagaaaa 
5401 tcattgccct gcagagtggt ttacaagctg gtgagtgctg attctggcta tgctctcttt 
5461 aagagtttga gtgcaaatag agagcccgtg ggctcaacat ctgatgtaat aaacattact 
5521 gcaacaaatt gcttatgcac gttcattggg ggagatgcag ttttatcttt cctaaaaggt 
5581 cagacmtc atttgaaatg cattgtgcca cctggcatga atacgtatta gtgaaatgat 
5641 aagatattcc tgtggcattt tagcttgaga gtctctgggt tctgggagat ttccctactc 
5701 ccttttaaaa tgccaaggca cctataattt gcattgtggg tgttttacag ttggtcttct 
5761 tagccctctt tcattggaga agaaatcatg ggtatgcccc agcgttttcc tgtttctttg 
5821 cttccttgtc acttggtgtg tggtgtgatc ctggcaggat acagcaggag tttttcctgc 
5881 atttcatgtg gttccctgaa tagccactag gtatcttggt gaattgcaca atctagcgaa 
5941 accactgaag tttcatcatt cgtttctact gacttccaga taatcggagt caaccttcta 
6001 accttctagt ctcacttctt ccaaataata ctgtacagac tggggagaat tattctaccc . 
6061 actccctcat ttcatgcttg tctgccttcc tctcgaaggc tcgtatgatg aaaattgcaa 
6121 aaacccagct agtgcttctg cctgtttcct cattcaaaat aggaaga^ tcatacctaa 
6181 tgtcttgagg atoatggata gaata^gg agaagacata gaaatagcct aattaaaggt 
6241 cacagcatga ctgcaacttt tacaaatcat tgaaaataag tttactttag gtgattgttg 
6301 tttcttcatt cttttcctca ttttataact atccagcctc tgcccatttt gccacggtgc 
6361 aatgttgtat gcattgactc ttaggtttat aaatacatca ^tgttctt tgc^cctcg 
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cttacatgga aaactcacaa accacctata caatccaaaa gaggggaaac agctcatcto 
atattaatta tggtccattt ccatgatagg atattatgca accattaaaa atcatatttt 
atetgagtgt tagtatatgg altattttaa ttatttatac ttttcagtgt aattcttctc 
tgagcatact acttttggag ttaggaacac aaatcagtaa atgcattttt tttttttaac 
aaaaactaaa gcacctggtt ttttggagta tagtttccag gtgcgccaca ggccttc^ 
aacgttttcc ttcggatttt tctttcccca ggtgagctgt cagggagaaa tgtcgaaaca 
ggtcaagaga tgttctgctc aggtttccag acatgtgccc gggaggtgct tcagtatctg 
gccaagcacg agaacactcg ggacctgaag tcttcgcagc ttgtcaccca cctccaccgg 
gtggtctcgg agctgctgca gggtggtacc tccaggaagc catcagaccc agctcccaaa 
gtgatggact tcaaggaaaa acccagctct ccggccaaag gttcggaagg tcc^ggaaa 
aactgcgtgc cagtcatcca gcggactttc gctcactcga gtggggagca gagcggcagc 
gacacggaca cagacagtgg ctatggagga gaatcggaga agggcgactt gcgcagtgag 
cagccgtgct tcaaaagtga ccacggacgc aggttcacga tgggagaaag gatcggcgca 
attaagcaag agtccgaaga accccccaca aaaaagaacc ggatgcagct ttcggatgat 
gaaggccatt tcactagcag tgacctgatc agctccccgt tcctgggccc acacccacac 
cagcctcctt tctgcctgcc cttctacctg atcccacctt cagcgactgc ctacctgccc 
atgctggaga agtgctggta tcccacctca gtgccag^c tatacccagg cctcaacgcc 
tctgccgcag ccctctctag cttcatgaac ccagacaaga tctcggctcc cttgctcatg 
ccccagagac tcccttctcc cttgccagct catccgtccg tcgactcttc tgtcttgctc 
caagctctga agccaatccc ccctttaaac ttagaaacca aagactaaac tctctagggg 
atcctgdgc tttgctttcc ttcctcgcta cttcctaaaa agcaacaaaa aagtttttgt 
gaatgctgca agattgttgc attg^ta ctgagataat ctgaggca^ gagagcagat 
tcagggtgtg tgtgtgtgtg tgtgtgtgtg tgtgtatgtg cgtgtgcgtg caca^;tgtg 
octgcg^ ggtati^gac tttaaagctc cttttggcat agggaagtca cgaaggattg 
cttgacatca ggagacttgg gggggattgt agcagacgtc tgggcttttc cccacccaga 
gaatagcccc cttcgataca catcagctgg attttcaaaa gcttcaaagt cttggtctgt 
gagtcactet tcagtt^gg agctgggtct gtggctttga tcagaaggta ctttcaaaag 
agggctttcc agggctcagc tcccaaccag ctgttaggac cccacccttt tgcctttatt 
gtcgacgtga ctcaccagac gtcggggaga gagagcagtc agacc^gct ttctgctaac 
atggggaggt agca^cact ggcatagcab ggtagtggtc tggggaggtt tccgcaggtc 
tgctccccac ccctgcctcg gaagaataaa gagaatgtag ttccctactc aggctttcgt 
agtgattagc ttactaagga actgaaaatg ggccccttgt acaagctgag ctgccccgga 
gggagggagg agttccctgg gcttotggca cctgtttcta ggcctaacca ttagtactta 
ctgtgcaggg aaccaaacca aggtctgaga aatgcggaca ccccgagcga gcaccccaaa 
gtgcacaaag ctgagtaaaa agctgccccc ttcaaacaga actagactca gttttcaatt 
cratcctaaa actcctttta accaagctta gcttctcaaa ggcctaacca agccttggca 
ccgccagatc ctttctgtag gctaattcct ct^cccaac ggcatatgga gtgtccttat 
tgctaaaaag gattccgtct ccttcaaaga agttttattt ttggtccaga gtacttgttt 
tcccgatgtg tccagccagc tccgcagcag cttttcaaia ^cacta^c ctgattgc^ 
atcgtgtttt aactttttct tttcctgttt ttattttggt attaagtcgt tgcctttatt 
tgtaaagctg ttataaatat atattatata aatatattaa aaaggaaaat gtttcagatg 
tttatttgta taattacttg attcacacag tgagaaaaaa tgaatgtati cc^;ttttlg 
aagagaagaa taattttttt tttctctagg gagaggtaca gtgtttatat tttggagcct 
tcctgaaggt gtaaaattgt aaatattttt atctatgagt aaatgttaag tagttgtttt 
aaaatactta ataaaataat tcttttcctg tggaagagaa agatggtctc ctgagttttt 
taaaatagct cacttggtgt gatatggctg actcccatgt ccttctttct tggctgaagc 
aaaccagtta atctcagtgt aatttcattc agcttttcat gtgctttgta ttcaatcaga 
ataagcttag tcaacctggc aggtaaatat ^gttoaatt tttgtttaac ccttgccagg 
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